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SCIENCE PROGRESS 


SUNSPOTS AND THEIR TERRESTRIAL 
EFFECTS 

By H. SPENCER JONES, M.A„ ScJD.. F.R.8. 

Roffni 

Thb oyoiio fluctuation in the appearance of spots on the Sun was 
first pointed out about 100 years ago by Sohwabe, an apothecary of 
Dessau, who for many years observed the Sun on every day that 
it was visible and kept a record of all the spots that he saw with 
his telescope. The cyde is irregular in its duration; though the 
average duration is about 11 years, the interval measured from 
minimum to minimum or from maximum to maximum has been as 
short as 8 years and as long as 17 years. Successive maxima may 
be markedly unequal, some being much higher than others. From 
about 1048 to 1716there was a long period of comparative quiescence. 
Such an effect may be produced by interference between two 
periodic effects that are nearly equal in amplitude but differ slightly 
in length of period. Attempts have been made to analyse the 
finctaationfl in sunspot activity into a number of regular periodic 
terms. By assuming a sufficient number of periods a remMrkably 
close i^preement between the observed and the computed activity 
for 150 years or more has been obtained. But when the attempt 
is made to use these periodic tonns f<xr the prediction of the future 
course of sunspot activity, the predictions we ihvariably found to 
deviate oonridmldy from the subsequentiy observed activity. The 
infetenoB is that the represontation by the oombinafion of a series 
of regular periodio terms does not correspond to any ph 3 meal reality. 
The cycle, of activity is essentially irregular. 

At the presmit time the Sun is somewhere neur a maximum of 
activity, ^le pgrofosHiOB ^ the oyde since the Isst maximum in 
li^;.iB shotrp in the fitihrwkag table, which gives the means for 
eeoh year df tlm daily area oovered by spots, expressed In unfrs of 
oneHDttflliotitii tiie Sun’s vitiUe hemisphere. 

1 
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Year. 


Ymt. 

Mean Area. 

1928 

. 1390 

1933 

88 

1929 

. 1242 

1934 

119 

1930 

516 

1935 

624 

1931 

. 275 

1936 

1141 

1932 

163 

1937 

1750* 


Approximate estimate. 


It may be remarked that the total area of the Earth’s surface 
expressed in the same units is about 172. 

The rapid rise in activity from the minimum in 1933 will be 
noted. It is usual for the rise from minimum to maximum to be 
more rapid than the decline from maximum to the next minimum. 

The year 1937 was one of unusually great activity, probably 
greater than in any year since 1870-71. One symptom of this great 
activity was the large number of spots that were visible to the 
naked eye. A spot near the centre of the disk of the Sun, with an 
area greater than SOO-millionths of the Sun’s hemisphere (or, in 
other words, with an area greater than three times the total surface 
area of the Earth), is generally visible to the naked eye. During 
1937 there were seventeen large spots which reached more than 
double this area. Two sjjots, which crossed the central meridian 
of the Sun on 1937, July 28 and October 4 respectively, reached 
a maximum area of 3000 units and were the largest spots observed 
since January 1926, when the largest spot ever observed at Green* 
wich, having an area of 3700 units, appeared (Plate I). Another 
large spot, with an area of 3200 units, crossed the central meridian 
on January 18 this year, a week before the brilliant display of 
the aurora borealis. 

It may be remarked that more than 200 years elapsed between 
the first telescopic observations of sunspots by Galileo and the 
discovery of the sunspot cycle by Schwabe. Yet the existence of 
such a cycle might have bwn discovered at any time merely from 
naked-eye observations. Such observations would show a series 
of peaks near the times of sunspot maxima, with flat intervids 
around the times of sunsjrat minima, when no naked eye spots are 
to be seen. The cycle remained undiscovered for so long not 
because instrumental equipment was inadequate, but because such 
observations as were made were not systematic. 

It has long been known that there is a close correlation between 
the sunspot cycle and certain terrestrial magnetic efihots. Two 
difierent ways in which this correlation is shown will be mentioned. 
At any one place the direction in which the compass needle points 
is dowly changing. There is, in the first place, a dow secular change 
in direction. In the year 1680, the compass needle in Lcmdon 
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pointed about 11}^° eaet of true north ; the direction moved pro- 
greseirely westward, until in 1819 it pointed about 24^° west of 
north. Since then it has been moving eastwards again and at 
present it points about 11° west of north. Superposed on this 
slow or secular change there is a continual daily swing backwards 
and forwards. At sunrise, the north end of the magnet points 
slightly east of its mean jKMsition ; by noon it points approximately 
in its mean position ; then it gradually moves to the west towards 
sunset, returning again during the night, to regain its mean position 
about midnight. This diurnal movement of the compass needle 
is recorded continuously at fixed magnetic observatories. It is 
found that the average daily swing is not constant but fluctuates 
in close correlation with sunspot activity, being about twice as 
great when sunspots are most numerous as it is when they are few. 

The second correlation is between sunspot activity and the 
frequency of magnetic storms. When a magnetic storm occurs, 
there are large and rapid variations in the direction in which the 
compass needle ix>ints. The needle may rapidly swing from one 
or two degrees on one side of its mean position to a corresponding 
amount on the other side. These magnetic storms are usually 
accompanied by considerable interference with telegraphic and 
telephonic communications and may upset electrical signalling 
systems on railways: the latter are accordingly designed so that 
such interference sets the signals at danger, and does not give rise 
to any risk of a collision. 'Die frequency of magnetic storms 
fluctuates in close agreement with the frequency of appearance of 
sunspots. 

As might be expected, the recent increase in sunspot activity 
has been accompanied by a considerable increase in terrestrial 
magnetic activity. If we consider only storms in which the range 
of movement of the needle was greater than half a degree, twenty- 
six of such stoms were recorded in 1937 as compared with nine 
in 1936 and eight in 193S. The three largest disturbances, on April 
25, 26 and 27, commenced within a few days of the passage of a 
large sunspot across the central meridian of the Sun. 

Is the passege of a large spot across the central meridian invari¬ 
ably, or usually, associated with a magnetic storm ? An investi¬ 
gation of the direct connection between the two phenomena was 
made a few yean at Greenwich. The magnetic storms recorded 
at Greenwich during rile period April 1874 to December 1927 were 
classified into seven gra^ of magnitude, from minor storms to 
▼ery great stcvnui. ^Oie average area of spots visible on the sun at 
the rime of each stonn was tabulated, (a) for the central region 
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of the disk and (6) for the regions near the Sun’s limb. The results 
so found are exhibited in the following table: 


i 

(JrAde of Btoim 

Ceotrsl Kegion. 

Regions nesr Umlie. 

Number 
of Storms. 

Aver»g« 

Ares. 

Kelative 

Average 

Area. 

Kelative 

Values. 

Quiet days.! 

244 

10 

167 


— 

1 . 

2ft0 

M 

181 

M 

42 

2 . 

282 

1*2 

165 

10 

122 

3. 

318 

13 

211 

1*3 

91 

4. 

390 

1*6 

302 

1*8 

52 

6. 

462 

1-9 

189 

M 

36 

Great storms .... 

691 

2-8 

251 

1*5 

43 

Very great storms 

1 

1116 

4 6 

181 

! 

M 

17 


For comparison, figures are also given for 264 magnetically 
quiet days, the days used being the two days of least magnetic 
disturbance in each month from 1914 to 1924 inclusive, i.e. over 
one complete solar cycle. 

This table shows that with increase in the magnitude of the 
storm there is a tendency for 8|)ot8 of larger and larger shse to be 
found near the centre of the disk at the time of the oommenoement 
of the storm, but that there is no similar tendency for the regions 
near the limbs. It indicates a general relationship between the 
occurrence of magnetic storms and the state of the central region 
of the Sun at the times of occurrence of the storms. 

The spots must not be regarded, nevertheless, as necessarily 
the seat of origin of the storms. Though the central transit of a 
very large spot is usually followed by a magnetic storm, it someti m es 
happens that such a spot does not give rise to any noticeable mag¬ 
netic disturbance. Conversely, very great magnetic storms some¬ 
times occur when there are no large spots on the Sun. The storm 
that was associated with the brilliant auroral display of January 25 
last was one of the greatest that has been recorded at Greenwich, 
but it was not associated with any sunspot. The still greater storm 
that occurred on April 16 last, on the other hand, closely followed 
the passage of a large s^wt aeross the central meridian of the Sun’s 
disk (Plate I). 

To investigate still further the portion of the Sun’s disk within 
which spot activity appeared to be related to magnetic disturbance, 
the disk was divided into sones, each extending over 26° of helio- 
graphio longitude, east and west of the central meridian, and the 
spots present within the several zones at the times of oommenoement 
of a magnetic storm were listed. The increase in spot area with 
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increase of severity of the storm was noticeable only in the three 
cones of longitude 0°-26° E., 0®-26° W. and 27“-68‘’ W. Thus it 
appears that the source of the disturbance is situated, at the moment 
when the storm begins, between two days east and four days west 
of the Sun’s central meridian. We may suppose that a disturbed 
area on the Sun is most favourably rituated for influencing the 
Earth when it is on the central meridian ; it follows that, as there 
is a tendency for a storm to commence on the average about a day 
after the spot crosses the central meridian, the disturbing agency 
—whatever its nature may be—takes something like one day to 
travel from the Sun to the Earth. 

The period of rotation of the Sun with respect to the Earth, 
corresponding to the mean latitude of the sunspot zones, is about 
27 days. Long-lived spots will make successive transits across the 
central meridian of the Sun at intervals of about 27 days, and a 
tendency for magnetic storms to recur after this interval is therefore 
to be expected. An investigation was made for the 403 storms 
listed in the above table. It was found that for the storms of 
grades 1 and 2 there was a marked tendency for other storms to 
fallow after intervals of 27 and 54 days, but there was no significant 
tendency for a storm to follow after intervals of 81 or 108 days. 
For the storms of grade 3 there was a marked tendency for another 
storm to follow after an interval of 27 days, but there was no 
tendency for further storms after intervals of 54 or 81 days. For 
storms of grades 4 and 5 there was only a slight tendency for a 
recurienoe after an interval of 27 days, and it appeared probable 
that this tendency was not real but merely a spurious tendency 
resulting from the data being insufficient to smooth out the chance 
of two independent storms occurring with an interval of about 
27 days. For the great and very great storms, there was no indi¬ 
cation at all of any recunenoe tendency. It thus appears that the 
27-day recurrence tendency is miunly a property of storms of very 
moderate range. 

How are these results to be expli^ned 1 What is the nature 
of the relationship between the daily movement of the compass 
needle, or the greater and more vk^nt movements that occur 
during magnetic stmrms, and the sunspot activity on the Sun f 

Tl^ investigation of the way in which radio waves of short 
wave-length travel from one plaoe on the Earth to another proved 
that there existed mi eleotrioally conducting layer at a height of 
about 100 miles or so above the snrfrwe of the Earth. This conduct¬ 
ing layer im^iaons the waves and prevents them travelling away 
into outside apace. When the waves reach this laynr they are 
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lefleoted back towards the surface of the earth. More detailed 
investigation has shown that there are two or more lajrers, but we 
need not concern ourselvas here with this refinement. The electrical 
conductivity of the layer is produced by ionization of the atmosphere 
in the layer, the ionizing agent being the ultra-violet light from 
the Sun. 

It is believed that a system of electric currents circulates in the 
ionized layer. The way in which these currents are produced has 
not yet been established with certainty. One theory, which is 
perhaps the most probable, is that the currents arc produced by 
convective motions of the atmosphere across the permanent mag¬ 
netic field of the earth. The circulation of these currents gives 
rise to magnetic effects, and these must produce movements of 
the compass needle. 

Though the details of the mechanism are obscure, the general 
effects are clear. The ionization will be most intense over the 
region of the Eeurth that has the Sun more or less overhead; in 
consequence, the compass needle is drawn somewhat towards the 
Sun at sunrise. The amount of its movement is naturally deter¬ 
mined by the strength of the magnetic field produced by the current 
system in relation to the strength of the magnetic field of the Earth. 
At sunset the effect is in the opposite direction from what it is at 
sunrise. During the night, the ionized layer overhead gradually 
dissociates and the needle gradually returns to its normal position. 
The diurnal movement of the compass needle is therefore a conse¬ 
quence of the alternate lightening and darkening of the upper 
regions of the Earth’s atmosphere as the Earth turns on its axis. 

We have mentioned that the average diurnal movement increases 
with increase of sunspot activity, being about twice as great at 
sunspot maximum as at sunspot minimum. The cause of this must 
be a variation of the solar ionizing agency, which is more intense 
at maximum them at minimum activity. This variation is much 
greater than the variation in the longer wave-length radiation that 
reaches the surface. The extreme ultra-violet radiation from the 
Son is entirely absorbed in the atmosphere of the Earth and never 
reaches the surface. We are thus forced to the very interesting 
conclusion that the intensity of the short-wave radiation of the 
Sun varies much more through the sunspot cycle than does that 
of the radiation of the longer wave-lengths that penetrate to the 
surface of the Earth. 

The more intense and spasmodic disturbances, which are called 
ntagnetio storms, cannot be produced by short wave-length radiation 
from the Sun, We have seen that storms tend to occur whrai there 
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ore spots on the central region of the Sun and to be more severe 
the larger the spots. If they were produced by an increase in the 
emission of ultra-violet radiation, a storm might occur at any time 
when a large spot was visible on the disk, and might last as long as 
the spot remained visible. But we find that a storm only occurs 
when the spot is in the central area of the disk. This suggests that 
a magnetic storm is produced by a stream of electrically charged 
particles, shot out from the Sun in the form of a jet, entering the 
upper regions of the Earth’s atmosphere. 

Such a jet will not necessarily be emitted in the direction normal 
to the Sun’s surface, though on the average the direction will be 
normal. The investigation of the association between sunspots and 
magnetic storms showed that a storm might commence two days 
before the spot reached the central meridian, whereas, if the jet 
were emitted in the direction normal to the surface, the commence¬ 
ment of the storm would necessarily follow the central meridian 
passage by a time interval equal to the time taken by the corpuscles 
to travel from the Sun to the Earth. The average lag between 
the commencement of the storm and the central meridian passage 
of a spot being about one day, the mean speed of the particles 
must be of the order of 1000 miles a second. The fact that a storm 
sometimes precedes the central })a8sage of a spot shows that the 
jet is sometimes sent out in a direction considerably inclined to 
the normal to the surface. 

Confirmation of the corpuscular origin of magnetic storms can 
be obtained from the comparative study of the disturbances recorded 
at magnetic observatories widely distributed over the Earth. It 
is found that the intensity of the disturbance increases from low 
to high latitudes and that it is related to magnetic latitude, not 
to geographical latitude. The north magnetic pole is situated at 
about latitude 70“ 40' N., longitude 96®-6 W. The disturbance 
increases up to a distance of about 23“ from the magnetic pole. 
As the magnetic pole is approached the intensity of the disturbance 
decreases somewhat, though still remaining considerable. 

The disturbance is greatest precisely in the regions where the 
frequency of appearcmoe of the polar lights or aurora attains its 
maximum, «.e. along a small circle of angular radius 23“, with its 
centre at the north magnetic pole. (A similar relation doubtless 
holds for the southern hemisphere, but the relevant data are very 
scanty.) It is significant that the frequency of appearance of 
aurorte fluctuates with the sunspot cycle, auroras being most numer¬ 
ous when sunspots are most numerous, amd that brilliant displays 
of aurmrae are usually aooompamied by strong magnetic disturbance. 
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The unusually fine display of aurora that opoujrred on January 25 
last will be remembered by many readers ; this display was accom¬ 
panied by the most intense magnetic storm recorded at Greenwich 
since 1909. A comparison of the observations of the aurora with 
the magnetic records showed that the large movements of the 
magnet coincided exactly with the times when the auroral light was 
most intense. The more violent storm that occurred on April 16 
was not accompanied by an auroral display in this country. But 
the large movements of the magnet occurred during daylight 
hours. In North America, where these movements came shortly 
before sunrise, a brilliant display of aurora was seen. 

A close relationship therefore exists between magnetic storms 
and the polar lights. The aurora is believed to be caused by streams 
of electrically charged particles entering the upper regions of the 
Earth’s atmosphere. Because the particles are electrically charged, 
their motion is influenced by the magnetic field of the Earth, and 
instead of the particles being uniformly distributed in the upper 
atmosphere of the Earth, they are drawn towards the polar regions. 
On entering the atmosphere the particles collide with molecules, 
which may either be excited or ionized. When an excited atom 
returns to its normal state, or when an electron, ejected when a 
molecule was ionized, recombines with an ion, radiation is emitted. 
It is in these ways that the auroral light is produced. The height 
of an aurora can be determined by photographing it from two 
stations several miles apart, using the stars shown on the photo¬ 
graphs as reference points. It is found that the aurora is usually 
produced at a height of at least 60 miles above the Earth’s surface. 

The full explanation of all the features shown by aurorae and 
by magnetic storms has not yet been possible. There is evidence 
that strong electric currents flow around the auroral zone, at a 
height of 60 or more miles, and that their intensity is of the order 
of one million amperes. It is not surprising that with such large 
currents moving in the upper atmosphere the associated magnetic 
effects may be considerable. 

A striking feature of intense magnetic storms has not yet been 
mentioned. They usually commence with remarkable suddenness, 
the needle giving a sudden kick. The time of commencement being 
so well defined, an accurate comparison of the times of commence¬ 
ment at different points of the Earth’s surface is possible. The 
extreme observed differences in the times of oommenoement are 
usually not more than about thirty seconds; as this includes the 
errors of the clocks controlling the timing of the magnetic records 
and the errors of reading the time from the sheet, we may say that 
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a magiwtio atom begins practically instantaneously at all points 
of the BSarth’s surface. This suggests that the boundary of the 
stream of particles is duurply defined. 

Where do these streams of charged particles originate on the 
Son ? There is not a direc;^ correspondence between sunspots and 
magnetic storms. A large storm can occur when no spots are to 
be seen, and, conversely, a large spot may cross the oenftal meridian 
without a magnetic storm occurring. There is, nevertheless, a 
relationship, for, as we have seen, there is a very strongly mariced 
tendency not only for storms to be associated with definite spots 
but also for the more intense storms to be associated with the larger 
spots. We must also bear in mind the general tendency for storms 
to recur after successive intervals of 27 days when the same portion 
of the Sun is again presented to the Earth. 

The necessary conclusions seem to be (i) that there are disturbed 
regions on the Sun that are effective in producing magnetic dis¬ 
turbances on the Earth ; (ii) that these regions are often, though 
not invariably, found in the neighbourhood of sunspots ; (iii) that 
these r^ons rotate with the Sun ; (iv) that the disturbing effect 
may persist for several rotation periods. 

The existence of definite disturbed regions on the Sun, associated 
with magnetic disturbances on the Earth, is well illustrated by 
recent magnetic disturbances. Of 35 storms recorded at Abingm* 
sinoe the beginning of ldS7, 24 have occurred when the longitude 
of the central meridian of the Sun has been between 60° and 180°. 
The seven greatest storms have all occurred when the longitude of 
the central meridian was between 120° and 180°. During the last 
15 months or so, therefore, magnetic disturbances have been pre¬ 
dominantly related to a definite region of the Sun. The distribution 
of large sunspots in solar longitude during the same period has been, 
on the other hand, more or less of a random distribution. 

The sunspot cycle is but one symptom of a cyclic sequence of 
activity which the Sun undergoes. Another symptom of this 
activity is found in the prominences. When these occur at the 
edge of the visible disk they appear as great jets of inoandesoent 
matter, extending ontwurds firom the Sun finr thousands of miles ; 
they can be seen in prejeotion against the bright disk in photo¬ 
graphs of the Son taken in hydrqgfm light, when they appear as 
bng Mack filaments. '13m prominences wax and wane in number 
in dose oorrelatkm with the spots face Plide II). 

The corona or ^‘ g^bty/* whidi extmids around tibe Sun to a 
distance of a eanple of millkm milee, is in some way influenced by 
]^he general solar activity. Near sunspot minimum, it shows large 
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streamers in the equatorial directions but at the two poles of the 
axis of rotation of the Sun a number of short tufts appear. Near 
sunspot maximum, there are large streamers in all directions and 
the polar tufts are no longer seen. 

The variation in frequency of appearance of prominences and 
the changes in shape of the corona, occurring in close correlation 
with the variation in numbers of sunspots, indicates that these 
phenomena are all in some way related to a sequence of changes 
on or within the Sun, whose nature and interpretation is not at 
present understood. We may speak, of a cycle of activity on the 
Sun ; we do not know the physical nature of this activity, but the 
sunspot cycle and the variation in frequency of appearance of 
prominences are two of the ways in which it is revealed to us. 
We have seen, moreover, that we must suppose that there is a 
considerable variation during this cycle of the emission of ultra- 
violet light, the emission being greater at maximum activity than 
at minimum activity. 

The prominences give us, at times, direct evidence of matter 
in the process of being violently ejected from the Sun. A pro¬ 
minence may exist in a more or less stable condition for some months 
and then undergo a violent eruption, the prominence being rapidly 
dissipated in a few hours. At such times, jets of gaseous matter 
can be seen moving away from the surface of the Sun with speeds 
very much higher than the velocity of escape. It is evident that 
such matter cannot fall back to the surface of the Sun but that 
it must escape into space. If such a jet of matter encounters the 
Earth's atmosphere, the presumption is that a bright aurora will 
be seen and that a magnetic storm will occur (Plate III). 

We have no direct evidence of the dissipation of a prominence 
in this way except when the prominence is at the edge of the 
disk. It is not impossible that methods may in time be found 
for seeing such happenings when they occur in the central region 
of the disk. If that should be possible, we may be able to predict 
the appearance of a bright aurora or the occurrence of a large 
magnetic storm. 

Sunspots and prominences are often associated, but not neces¬ 
sarily so. Sunspots only occur in a belt of latitude extending some 
35^" either side of the Sun's equator, whereas prominences may 
appear in any latitude. We should like to know whether the 
streams of corpuscles, which cause aurorae and magnetic storms, 
are always produced by the dissipation of prominences. At present 
it seems that there can be areas on the Sun which may be the source 
of intense disturbance, but which are not associated in any way 
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with sunspots and do not give us any direct evidence of corpuscular 
emission. 

We must refer again to one point of interest that emerged from 
the study of magnetic storms. We saw that the recurrence tendency 
was most clearly shown by storms of moderate intensity, but that 
tiie great storms and the very great storms do not recur. Two 
possible explanations may be given. We can sujjpose that the 
corpuscular streams may be emitted in the form of a concentrated 
narrow jet, whicli would give rise to a great magnetic disturbance, 
or in the form of a wide-angled jet of low intensity, which would 
produce only a moderate disturbance. With a very narrow jet it 
w^ould be very much a matter of chance whether the earth en¬ 
countered it or not, and it might be supposed that the chances are 
high that, after a complete rotation, the emission of the jet might 
be in a slightly different direction so that the Earth would be likely 
to miss it. With the wide-angled jet, on the other hand, the Earth 
would be unlikely to miss it at its return. If this explanation wore 
correct, we should expect that the very great storms would be of 
shorter duration than the storms of low intensity, because the 
Earth would pass through the narrow jet in a shorter time than 
it would pass through the wide-angled jet. There does not seem 
to be any evidence of the more intense storms having a shorter 
duration. The second possibility is that the emissions that produce 
the largest magnetic storms are short-lived, and never survive for 
the length of a complete rotation of the Sun ; the emissions that 
provide the smaller storms, being of moderate intensity, may persist 
for a complete rotation or, possibly, for several rotations. If, as 
seems fairly probable, this is the correct explanation, then we may 
be justified in attributing the very great storms to the dissipative 
break-up of a prominence, which, m we have seen, occurs with great 
suddenness; the smaller storms would then be due to more con¬ 
tinuous emissions, possibly from prominences and possibly from 
other disturbed areas. 

We have here a further indication that sunspots are not directly 
responsible for magnetic storms. For the largest storms tend to 
be associated with the largest spots ; the largest spots have a 
strongly marked tendency to persist for several solar rotations, 
whereas the largest storms show little or no recurrence tendency. 

Solar activity is shown by another phenomenon, to which we 
have not yet referred, which is known as a bright eruption. It is 
only within recent years that these bright eruptions have been 
studied in detail* The reason is that they can very rarely be seen 
in an ordinary telescope or in a photograph of the Sun taken with 
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integrated light. The first bright eruption ever recorded was 
observed by Carrington on September 1, 1859, when a small portion 
of the disk, near a sunspot, was seen to become intensely bright. 
The phenomenon was of short duration and ended almost as suddenly 
as it began. It must have been of a very exceptional character, 
for the observation has never been repeated. The eruptions are 
best recorded, like the prominences, in photographs in the light of 
hydrogen or calcium vapour. The 8i)ectroheliosco}>e, designed by 
Dr. Hale in 1936, enables the Sun to be observed visually in the 
hght of hydrogen and has made possible the visual study of these 
eruptions. There is a scheme for co-operation amongst observatories 
that are equipped with spectrohelioscopes, arranged under the 
auspices of the International Astronomical Union, by which the 
Sun is kept under fairly continuous observation, provided that 
weather conditions permit. It has only been during the last few 
years, when solar activity has been rapidly on the increase, that 
the bright eruptions have been systematically studied. 

The frequency with which these eruptions occur correlates 
Closely with the frequency of sunspots. In fact, the eruptions arc 
nearly always associated with spots. They have certain well- 
defined characteristics. Appearing very suddenly, they have a rapid 
rise to maximum intensity, which is usually reached in from 5 to 
10 minutes. They then die away less quickly and the eruption has 
usually ended within 40 or 45 minutes of its commencement. The 
duration of the eruptions of less intensity is even shorter. Some¬ 
times, two or more bright eruptions will occur practically simul¬ 
taneously in different groups of sunspots, and this appears to happen 
more frequently than can be explained by mere chance. The area 
covered by the eruption ranges from small patches, equal in size 
to that of a small sunspot, to large patches equal in size to that 
of big sunspots (of the order of several times the area of the Earth's 
surface). Closely associated with the bright patches, matter can 
often be seen moving rapidly outwards from the Sun, with velocities 
of the order of 250 miles a second, usually followed by inward 
motion, as though a cloud of gas had been shot outwards with a 
velocity lower than the velocity of escape, which somewhat later 
falls back to the Sun's siirface (Plate IV), 

The nature and cause of these eruptions is not yet understood. 
Besides their intrinsic interest, they have a special interest in that 
they are closely associated with sudden fadings in short-wave radio 
transmission. Short-wave radio signals (i,e, of wave-length in a 
range of about 15 to 40 metres) wiU be coming in with normal 
audibility when the signals may commence suddenly to fade and in 
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the course of a few seconds become completely inaudible. There is 
sometimes, however, an increase of noise field (known as “ fizzlies ”) 
just prior to the fading. The drop in signal strength is sensibly 
simultaneous on all routes affected but is only observed on 
those waves that traverse a daylight path. Thus, for instance, if 
fading should occur near midday at a given station, all routes would 
be effected ; if, however, it should occur near sunset, the fading 
would be observed on signals coming from the west and not on 
those coming from the east; conversely, if it occurred near sunrise, 
it would be observed on signals coming from the east and not on 
those coming from the west. The highest frequency signals appear, 
in general, to be affected to a lesser degree and for a shorter time. 
The excessive attenuation may last for from 10 to 46 minutes, and 
is followed by a period of gradual recovery, which may extend over 
one hour or more. 

Complete records of the times of radio fadings at various stations 
are available ; unfortunately, continuous observation of the Sun is 
impossible and theiefore a complete correlation l)etween bright 
eruptions and radio fadings cannot he made. The study of these 
phenomena has shown the importance of negative information *, 
suppose a radio fading has occurred at a time when the Sun is due, 
according to the international scheme of cO"0{jeration, to be under 
observation at a certain observatory. If the appearance of a 
bright eruption was not reported by that observatory, it is important 
to know if the weather conditions were such that the Sun was 
actually being observed at the time when the radio fading occurred. 
It is therefore essential, for the proper statistical discussion of the 
correlation between the two phenomena, that each observatory 
making these observations should provide a complete record of the 
times during which the Sun was actually being observed. 

Nevertheless, despite the incompleteness of the solar observa¬ 
tions, sufficient material is already available to establish, beyond 
the possibility of doubt, the close relationship between the solar 
eruptions and the radio fading. The most reliable data are pro¬ 
vided by those eruptions whose commencement was actually 
observed. Considering these only, the number of radio fadings 
which commenced within a few minutes of the observed commence¬ 
ment of an eruption is far larger than can be explained by chance 
coincidence. On the average, a radio fading commences about 7 
minutes after a bright eruption is seen to commence. The eruptions 
that are associated with fadings are not limited to the central part 
of the disk ; an eruption on any part of the visible hemisphere of the 
Sun may give rise to a fading. The conclusion is that the fadings 
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are not produced by a corpuscular emission from the Sun, as in 
the case of magnetic storms, but are caused by something travelling 
from the Sun with the speed of light. It may be noted that not 
every eruption that is observed gives rise to a fading ; the eruptions 
vary considerably in intensity and the observers classify them 
according to their intensity on an approximate scale of 1 (for the 
smallest and least intense eruptions), 2, 3 (for the largest and most 
intense eruptions). It is noticeable that the cases where the associa¬ 
tion between the eruption and the fading is definitely established 
include a high percentage of the most intense eruptions (intensity 
3). 

It is possible that the fadings are produced by a considerable 
increase in the emission of ultra-violet light from the area in which 
the eruption occurs. The radio ceiling, which normally reflects the 
radio waves back to Earth, is considerably disturbed and there is 
no longer a regular reflecting surface. The surprising feature is 
that the increased emission of ultra-violet light from an area that 
is so small compared with the area of the visible hemisphere of the 
Sun is sufficient to produce the complete and rapid fading that is 
observed. 

We therefore find in unmistakable fashion terrestrial evidence 
of the Sun’s cycle of activity shown in the polar lights, magnetic 
storms, the daily movement of the compass needle and radio trans¬ 
mission. We have been led to infer, moreover, that the emission 
of ultra-violet light from the Sun must be greater at maximum 
activity than at minimum. This suggests the possibility of the 
weather being influenced by the cyclic changes occurring on the Sun. 
The question is often asked whether sunspots influence the weather. 
If a big group of spots appears on the Sun and coincides with 
some unusual weather phenomenon, there are never wanting 
people who will assert that the sunspots are responsible. It makes 
no difference what the particular freak of the weather may be—a 
great storm or a spell of drought, intense heat or great cold—the 
sunspots are sure to be blamed. 

A great deal of time has been devoted by many people to the 
investigation of possible correlations between sunspot activity and 
various weather phenomena—^rainfall, cloudiness, temperature, 
wind, etc. No clearly marked correlations have been established. 
This is, perhaps, not suriuising. Weather is a phenomenon of great 
complexity ; the distribution of land and water and the local 
topography play a great part in producing the weather that we, 
on the surface of the Earth and at the bottom of an extensive 
atmosphere, experience. If we could obtain regular observations 
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at a great height in the atmosphere, wliere surface topography 
ceases to produce any effect, we might find well-marked correlations 
with the Sun’s cycle of activity. 

As the attempts to correlate sunsjwt activity with various 
weather phenomena have not given any very definite results, it is 
a matter for some surprise that a clearly marked correlation is 
shown in the spacing of the annual rings of certain trees. Professor 
A. E. Douglass, of the University of Arizona, has found the sunspot 
cycle to be well shown in the annual rings of the hard underwoods 
and the giant sequoias of California and of the Arizona pines. He 
found that there were wide variations between the spacings of the 
rings of trees taken from forests in different regions, but that the 
trees from one area showed the same general spacing pattern. 
The growth is most rapid, and the rings are most widely spaced, 
at times of sunspot maximum. By starting with the outermost 
rings of trees just cut down and working backwards, the time 
spacing pattern was joined on to that of trees cut down hundi'eds 
of years ago. These were similarly joined on to timbers from still 
older trees and ultimately the record was carried back, in the case 
of the sequoias, for more than 3000 years. By this method, Pro¬ 
fessor Douglass has succeeded in dating many old Hopi and other 
Indian ruins. The accuracy of his conclusions received a striking 
confirmation. Between about 1645 and 1715 he found that there 
was very little indication of the 11-year cycle. About the same 
time Maunder, who was then in charge of the solar department at 
the Royal Observ^atory, Greenwich, was investigating old records 
of sunspots and found that there was a great dearth of sunspots 
during this particular period. He wrote to Douglass to tell him 
of this and to remark that, if there were any real correlation between 
the spacing of tree rings and the sunspot cycle, evidence of a cyclic 
variation in spacing should l)e lacking during these years. Maunder 
did not know that Douglass was already puzzling over this very 
fact, which he had already found. 

The spacing of the tree rings is presumably dei>endent upon a 
combination of a number of different meteorological factors : the 
amount of rainfall, the temperature, the amounts of sunshine and 
cloudiness, and the intensity of the ultra-violet radiation received 
from the Sun are no doubt ail contributory factors. The tree-ring 
has the advantage of showing the integrated effect of some parti¬ 
cular combination of these factors over a period of a year, or at 
least over the portion of the year when growth is taking place. 
In tree-rings we have therefore some definite indications that 
meteorological conditions ore not entirely independent of the sun- 
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spot cycle. The failure to find conclusive evidence of correlation 
in the case of individual phenomena, such as rainfall or temperature, 
may be due to the fact that our records do not extend over a sufficient 
number of sunspot cycles for the many other phenomena that 
contribute to produce the weather to be averaged out. We may 
compare a parallel instance ; the M(x)n has a small influence on 
the height of the barometer, but the effect is so small in relation 
to the variations in height that are produced by other causes that 
the analysis of the records of barometric height for a single year 
would not reveal it. By dealing with a large numl>er of years, 
however, these other and greater eifocts can be averaged out and 
the lunar effect clearly shown. So, perhaps, we may hope that 
in the course of time the manner in wliich the varying activity of 
the Sun affects rainfall, temperature, the amount of sunshine and 
cloudiness and other weather phenomena may be clearly revealed. 



THE ANTIQUITY OF RECENT MAN 

By H. H. WOOLLAKD, M.D., D.8c., F.B.8. 

rrofe$tot 0 / Anatomy in the VmPtmiiy of London, UnivortUy Voikye 

It seems probable that present-day man is, as the knowing young 
woman remarked about her newly acquired possession, “ a very 
old antique.’* That man as we are familiar with him in the form 
of ourselves and one another has existed for long periods of time 
and may have omitted all gradations and steps in his origin and 
sprung full-fledged from the loins of some hairy ape or monkey is 
perhaps a startling notion. Indeed, the idea has always seemed 
absurd to most anatomists and others. Always when thinking 
about the origin of man they have supposed that there was a sort 
of lower shelf represented by the late-lamented Mok and his expec¬ 
tant bride, Moina, the splendid gorillas of our Zoo, and an upper 
shelf holding us and all the line people of the world of the present 
day. Between these two there would be a large series of gradations, 
many collaterals, and others—perhaps unfortunate bad starts, 
soon to be extinct—but on the whole all grading into the recent 
type of man, and depicting for us the road evolution has followed 
in changing over from the monkey-ape level to the modem human 
level. 

It may be long before we can speak with much confidence of 
our knowledge of the actual events that have occurred in the anato¬ 
mical remodelling of our monkey ancestor into man. We are certain 
tkat such an event has occurred. Because of the great similarity 
in the anatomy and the close chemical resemblances exhibited 
between man, and especially the chimpanzee and gorilla, it has 
been inferred that the point of origin in time and its level in the 
biological scale must be somewhere close to the stock which pro¬ 
duced these same chimpanzees and gorillas. 

The suggestion contained in the opening remarks of this article 
has perhaps already aroused the suspicion in the reader’s mind 
that these assumptions are not well founded, and that perhaps the 
emergence of man from his low relations was not condemned to 
the inevitability of gradualness. To some extent such suspicions 
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may prove not unreasonable, because certain discoveries compel 
us to believe that recent man must have existed when other types 
which we looked upon as links between man and the great apes 
were also stalking the earth. Obviously people living contem¬ 
poraneously cannot be ancestral to one another. It is therefore 
proposed that we briefly consider the two hypotheses, viz. that 
man has slowly emerged from the primate stock, gradually shedding 
his brutal aspect, enlarging his brain, and taking on the humanity 
of Homo sapiens ; or that man started abruptly, that in the ancestral 
line there was a period of great instability and change in the here¬ 
ditary factors, and by mutation many new ty^x^s were evolved. 
Some, if brain size is the principal criterion, would be classed 
as low and others as high. The high ones would contain big-brained 
men who retain in the face and jaws some resemblance to the more 
beast-like features, and other big-brained men who assumed at once 
the more refined features of recent man. 

The notion of a gradual emergence of man seems the more reason¬ 
able, and has exerted even a seductive influence upon the minds 
of anatomists, few of them being able to contemplate any other 
view consistently or for long. This is shown very clearly by their 
behaviour whenever a new fossil has been discovered. The dis¬ 
coverer has been unable to resist the temptation of asserting that 
his fossil, if ape-like, presented all sorts of human characters, and, 
if human and clearly modem in character, that it possessed all 
sorts of simian characters more or less hidden and elucidated only 
by minute examination. It is not merely the scientific predilection 
for stating every hypothesis possible and then trying to find the 
right one that has prompted us to put bluntly the two possible 
modes by which man might have emerged from the Primate stem. 
There is some justification for examining these hypotheses because 
there have been discoveries of human bones, which do not differ 
from modem man, at geological levels which make them as ancient, 
if not more ancient, than other fossils which differ from present- 
day man and resemble more than he does the existing great apes. 

In making a brief survey of these discoveries we must ^ar 
in mind that both ape and human fossil bones are extremely rare. 
Fossilisation can never overtake more than the most minute per¬ 
centage of living things, and some may obviously never be fossilised 
at all. Arboreal primates and man from their very way of life 
can offer but the fewest opportunities for mineralisation of their 
bones after death. The chances of fossilisation being extremely 
remote, fossilisation when it occurs will not reveal whether it 
happened early or late in the history of the type. We could only 
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infer that if we had an abundance of examples. In the making 
of maps to show the relationship believed to exist among fossil 
apes and men, and recent apes and men, the anatomist has pro¬ 
longed or diminished the duration of the existence of a type accord¬ 
ingly as he has deemed it more primitive or more complex than 
another found at the same level. If two fossil men are foimd at 
the same geological level, and one has a large brain and the other 
a small brain, invariably it will be shown on a genealogical map 
that the man with small brain emerged much earlier from the 
common stock than one with the big brain. This, of course, is an 
anatomical inference drawn so because of certain preconceptions 
that the evolutionary process must proceed by gradations. It is 
not founded upon any Imowledge got from palseontologioal evidence. 

FoissiL Typks 

A brief review of the salient facts about fossil man might help 
to make the problem more comprehensible. In 1894 Dr. Eugen 
Dubois discovered in Java a fossilised skull cap, a fossilised femur, 
and some teeth. Of these the important find is the skull cap. 
The femur, which is indubitably human, probably belongs with the 
skull cap, but about this there cannot be absolute certainty. There 
has been much discussion about the antiquity and geological level 
of these finds. Following the conclusion of Abel, we may accept 
them M belonging to the Lower Pleistocene. The skull is extra¬ 
ordinarily flat, so that the creature is almost without a forehead. 
The brow ridges overhang in a brutal sort of way the cavities for 
the eyes. Behind the brows there is a very obvious constriction 
or waist in the skull. The skull is ape-Uke and recalls in many 
ways the form of the acrobatic gibbon. That it cannot be any 
sort of gigantic gibbon is shown by the fact that its cranial capacity, 
which is about 900 c.c., is twice that of the largest brain of any 
anthropoid recent or fossil. On the other hand, the average cranial 
capacity of a modem man in Europe is somewhere around 1400 c.c. 
Though Pitheoanihroptis erectua, the name given to this very remark¬ 
able fossil, has doubled the anthropoid, he has by no means reached 
the human level in brain capacity. As already remarked, if the 
femur found near this skull belongs to it, then there oan be no doubt 
that Pithecanthropus was a human being. Pithecanthropus may 
be regarded as a primitive man who shows us the way we may have 
travelled from the anthropoids. 

Sinanthropita pekinenais was discovered in China by the late 
Davidson Black in 1929. A great many specimens of this type 
have been found, and an extensive literature has already grown 
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up describing and discussing them. Unlike Htheoanthropus, whom 
Sinanthropus resembles so closely, not only the skull but much 
of the face is also known. The nose, for instance, is flat like that 
of a negro. The skull has a fuller forehead than Pithecan¬ 
thropus, but the same postorbital constriction. The jaw, in 
the arrangement of the dental arcade, in the absence of the chin, 
and the possession of small incisor teeth, is congruous with the 
humanness of the skull. The cranial capacity, which is about 
1000 to 1100 c.c., exceeds that of Pithecanthropus, but there can 
be no doubt that these two forms, Pithecanthropus erectus and 
Sinanthropus pekinensis, are so closely related that living together 
in the Lower Pleistocene they form one type, and as some anato¬ 
mists have remarked, they give undoubted evidence of the origin 
of man from some indubitable member of the primates. 

Homo heidelbergensis came to light in 1008, and is generally 
known to us as the Heidelberg jaw, because this is all that we have 
of him. It belongs to the lower or Middle Pleistocene, and its 
j)osses8or probably lived in the second interglacial epoch. The 
jaw is distinct from all other known jaws, though the shape of the 
dental arcade and the teeth, especially the arrangement of the 
molar cusps, declare that it is essentially human. The jaw is large 
and massive, the ascending ramus being unusually impressive. 
The chin is completely absent, and where the two halves fuse 
together, the resemblance to the anthropoid jaw is especially close. 
This specimen is unique. 

Homo nexindertalensis has been known since 1858. He belongs 
to the Upper Pleistocene, and is more recent than the types which 
have just been mentioned. He has been found in Palestine, Euroi)e 
and Africa {Homo rhodesiensis). By some he has been claimed as 
the direct ancestor of modem man. His anatomy, and there are 
many examples now to attest the description, has proved on the 
whole very uniform, though there is an interesting exception to 
this discovered by Sir Arthur Keith amongst the fossils from Pales¬ 
tine. The man had an oblique forehead and a flat skull, but the 
cranial capacity was high. On the average this was about 1300 c.c., 
but in one case—^the La-Chapelle man—it reached 1600 c.c. Many 
of the features of this type are recalled by the Australian aborigines 
of to-day, and though on the whole the gap between Australian 
aborigines and, say, the European type, is less than the gap between 
them and the Neanderthal type, yet the similarities have been 
commented upon by everybody including the great Thomas Henry 
Huxley. In having no chin he differs from all recent men, and 
his short occipital bone was correlated with a thick neck. His 
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slightly bent knees, as indicated by the thick extremities of the 
bones that enter into the joint, indicate a shuffling kind of thick¬ 
set short man with a big brain. If the increase of the bulk of the 
brain is the real story of man’s evolution, then obviously this big- 
brained type had gone a very long way to realising the greatest 
accomplishment of the human race. For when the apparatus had 
been devised which gave man his incomparable intelligence, what 
followed needed only time for its accomplishment. We include 
along with this Neanderthal type the South African specimen 
already mentioned as Homo rhodesienais. He has some differences 
from Neanderthal man and some resemblances with Pithecan¬ 
thropus, but in general he belongs with these flat-headed, l)eetle- 
browed, chinless men. 

These three. Pithecanthropus, Sinanthropus and Neanderthal, 
form a series which agree in certain special anatomical features 
which have been mentioned in the descriptions given above. They 
pass from a cranial capacity of, say, 900 c.c., and then achieve about 
1100, and Anally reach and even exceed that of modern man. 
Human anatomists are more hesitant, but palaeontologists, who are 
more exi>ectant of flnding these sequences, feel no doubt that this 
succession in the emergence of man has happened so, and these 
are the precursors of modern man, representing the stages through 
which he passed. 

There is nothing intrinsically improbable in this view. ()\ir 
biological knowledge is not sufficient to assert that it could not 
happen. The difficulty in feeling content with this view arises 
because in sharp contrast to these fossil types others have been 
discovered which are in no way different from modern man, and 
which are as old and even older than those just described. It has 
already been mentioned that age is determined from the geological 
level at which the fossil is found. The fossil might have been an 
example from the group to which it belongs at a phase when that 
group was quite young or when it was quite old. If we regard the 
probability of fossilisation as greatest when the group was most 
numerous we can, in the absence of any other available consideration, 
assume the time at which the fossil was found represents its age 
relative to any other like fossil. 

The gradual emergence of man from the anthropoids is attested 
then, it is alleged, by a series of heavy-browed, flat-headed, chinless 
men, but with brain size increasing until it equals or exceeds 
that of modern man. The other aspect of the matter is illus¬ 
trated by a series of fossils which have been found in various 
parts of the world, but curiously with quite uncommon frequency 
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in England. A series of very ancient fossils has been found which 
attests the fact that the modern Englishman, so far as his anatomy 
goes, extends backwards into the past to a time when in other 
countries man was distinguished with difficulty from the ape. 

These finds in England happily are supported by others else¬ 
where, such as those of Dr. Leakey in Africa and those of Sir Arthur 
Keith amongst the Palestinian fossils. In the skeletons from 
Palestine which resemble in most particulars the Neanderthal type, 
Sir Arthur has made the interesting discovery that when they do 
vary, they vary in the direction of modem man. For instance, 
amongst these are fossils which do not possess the beetUng brows. 
These observations reveal the genetic make-up of the phylum from 
which modern man has come. If the germ-plasm already contains 
the characters which, when assembled together, give the modem 
man his especial features, then, of course, the problem becomes one 
of finding out the possibility of assembling these and omitting or 
suppressing those which do not enter into his make-up. The most 
famous of these is Piltdown Man, Eoanthropus dawsoni, described 
by Sir Arthur Smith Woodward in 1913. The age of this fossil 
has been fixed as Early Pleistocene or even earlier. For tliis reason 
it has been called the dawn man, the first inhabitant of England, 
and perhaps not only the first of our kind of man, but the first man 
in the world, in fact the old Adam. The skull fragments when 
fitted together differ from modern man only in one particular, 
namely, the thickness of the bones. They are approximately twice 
as thick as the same bones in a modern skull. The cranial capacity 
is high, giving a brain volume of at least 1300 c.o. Near these 
skuU fragments there was found a fossilised jaw. This jaw resembles 
most closely that of a chimpanzee and looks incongruous with the 
skull. Because in general it has seemed to palaeontologists unlikely 
that a fossil anthropoid would be found so far west in Europe at 
this time, and because it has seemed to everybody so improbable 
that a fossil man and a fossil anthropoid should lie together in the 
same fossil bed, everyone has felt it incumbent to try to fit this jaw 
to the skull. If we can leave the jaw on one side it is possible to 
assert that a modern man with a thick skull turned up in the Early 
Pleistocene in England. A second similar fossil without any trace 
of a jaw has now been found. Its date is known apparently beyond 
all peradventure, for the skull was photographed as it lay embedded 
in its stratum. It is as old or older than the Piltdown fragments. 
This second skull, the Swanscombe, was found by Mr. A. T. Marston 
in 1937, and the pieces in all respects except for thickness belong 
anatomically to a modem skull. When the foundations of Lloyds 
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Bank, in Leadenhall Street in the City of London, were dug 
out, a skull waa found there by Mr. W. R. Dawson and 
handed over to the late Sir Grafton Elliot Smith for study. Dr. 
Matthew Young has just recently published a full and detailed de¬ 
scription of this specimen. This skull is of an antiquity only slightly 
less than that of the Piltdown fragments, and is asserted by its 
desoriber to be a modern skull in all its anatomical features. In 
addition to these three, another similar skull of similar date was 
found some few years ago at Bury St. Edmunds. There are possibly 
others, but their dating is too unoertain to justify any reference to 
them at this moment. Thus there seems to have been from these 
several fossils a human population in this island which was of the 
same date in time as Pithecanthropus and Sinanthropus, and earlier 
than the Neanderthal man of Europe. It was a form which, in the 
anatomy of the skull at any rate, differed in no way from man of 
the present moment except that perhaps some of them had rather 
thicker skulls than usual. We do not really know what to make 
of the Piltdown jaw, but the cranial capacity of the early English¬ 
men was well up to present-day level, and the beetling brows were 
absent. Clearly if these things are so, the view previously advanced 
that Pithecanthropus, Sinanthropus and Neanderthal man form a 
series leading from the ape up to modem man, need not be true ; 
and the problem is presented that modem man has an antiquity as 
great as any of these fossils. Why should modem man not be 
directly descended from a lower primate stock ? 

Antiquity and Genetics 

This discovery, that recent man has a vast antiquity, in fact 
greater than any other extinct variety, most anatomists have 
always tried to get round or minimise by making all hominid fossils 
carry pithecoid features which are absent in the present-day man. 
It seems to imply the happening of the incredible that modern man 
assumed his present form immediately upon emerging from the 
primate stock. His upright form, his gait, his chin, his big brain, 
his small face, his long legs are sudden acquisitions. We must, 
before we dismiss this notion as absurd, examine from an anatomical 
standpoint the nature of the differences between men and the 
anthropoids. 

Clearly the extent and the nature of the differences between 
man and the anthropoid must bear on the probability of a quick 
derivation. The leaps and mutations involved must not be wildly 
outside the limits permitted by our existing knowledge of heredity 
and genetics. If we could show that many of the so-called human 
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features are already to be found in some degree amongst members 
of the primates, a possibility arises that the assemblage we call 
human could be separated from all others and so give us man 
without or with a minimum of gradual evolvement. 

Related to the very beginning of the primate stock, presumably 
existing in its present form already in the Eocene, is the ghostly 
Tarsius spectrum. Venerated and feared by the natives of Borneo 
as though intuitively they guessed its significance for the coming 
of man, it interests us because it differs from all other primitive 
members of the primate series in the large number of anthro{K)id 
characters that it bears. There is ho i)oint in enumerating them 
for the sake of this article, but they have excited the interest and 
speculation of anatomists for nearly half a century, and one difl“ 
tinguished anatomist plunged boldly and claimed this Tarsius as a 
living example, perhaps the nearest of all living progenitors, of the 
stock from which man came. We need this ancient animal, with 
its mosaic of reptilian, primitive mammalian, monkey, anthropoid, 
and even human characters, that takes us right back to the Eocene 
and enables us to assert that so-called human characters are present 
in the primate germ-plasm from its beginning. 

We used the word mosaic deliberately for two reasons, to describe 
certain type animals and to recall Mendelian unit inheritance. 
Mendelian inheritance implies a particularistic inlieritance. The 
make-up of the mature individual in inheritance is resolved into a 
series of unit characters, each of which is carried by a gene as though 
it were a packet. These genes are strung like beads along the 
chromosomes, strings of nucleo-proteid which can be studied under 
the microscope, and whose behaviour establishes very firmly the 
Mendelian ideas about heredity. This makes the germ-plasm repre¬ 
sent a mosaic of characters, the harmony of the whole arising out 
of the way in which the parts fit together, and it is this special aspect 
that we need for our purposes in this discussion. We can leave out 
other aspects of Mendelian inheritance such as linkage, crossing 
over, multiple action of the genes, delayed action of the genes. We 
need only to determine which of the genes or characters we require 
are already present in the primitive stock, or what may have arisen 
by mutation, the only way we so far know by which the gene alters 
its contribution to the heritable make-up. The probability that 
some particular assemblage of genes might be handed on and not 
some other possible assemblage, can be approached mathematically. 
The chance that any particular assemblage when handed on will 
survive in its recipient and be perpetuated by descendants can also 
be considered mathematically and biologically. All we wish to do 
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at the moment is to see if these genes are present in the lower 
primate make-up, and to what extent they would have to be changed 
to become man as we know him. 

There is one aspect of this gene theory that we must just mention 
briefly. In order that the character which the gene stands for 
may be realised in development, interaction between the gone and 
the surrounding cell material must take place. This can be delayed, 
hurried, prolonged, and the like ; that is to say, diflerences between 
one form and another may be qualitative or quantitative. The 
former would need some modification of the gene itself, the latter 
needs but more or less of the same forces normally at work. 

Primate Anatomy 

We can now approach this aspect of our j)roblem by considering 
the differences between the members of the anthropoid stem and 
ourselves. There are three striking series of facts to be mentioned 
at the outset. First, that Tarsius is probably an indication of the 
number of human-anthropoid characters that were already present 
as far back as the Eocene in the Primate stock. Secondly, that 
such fossil apes as have been discovered, and we refer especially 
to Awtr(dopithecu8 africanm, in so far as they differ from the existing 
anthropoids, lean more towards the human characters, and that 
when fossil men vary, especially, at any rate, those of Palestine, they 
too come to express modem human characters. 

When we consider such a matter as the human infant proceeding 
on all fours, it goes upon the palms of the hands and indeed walks 
like a monkey and not like an anthropoid ape. Herein at once we 
are struck by the fact that the ape is doing something different, 
something more specialised. In fact, the muscles of the forearm 
have become shortened so that the ape must jierforoe march upon 
his knuckles. Man is nearer to the generalised primate stock, so 
that when he resumes a quadrupedal gait he does it in the most 
ancient way. In the absence of certain external sexual changes 
man is more like the gibbon and the orang, and in the ability to 
grow long hair he shares an accomplishment with the orang, although 
in most respects he is more like the chimpanzee and gorilla than 
the other anthropoids. Not only did man avoid the bodily changes 
of brachiation—a special arboreal mode of progression—^but also 
in a great many other directions he refrained from pushing to the 
extreme certain trends. That man is fundamentally more closely 
related to the existing great apes than to any other living primate 
is common ground, but account must be taken of the very important 
anatomical observations made by Straus and also by Schultz, 
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working in the department of anatomy at Johns Hopkins. Straus 
has especially studied the pelvis, the musculature of the extremities 
including the hand and the foot, and the form and arrangement 
of the abdominal viscera. In all these he comes to the same con¬ 
clusion—^that man stands nearer to the primitive monkey stem than 
do the anthropoids. Straus’ studies have led him to the conclusion 
that man must have emerged from the primate stock when its 
level of evolution had reached somewhere between that of an old* 
world monkey and a gibbon. 

Schultz has especially devoted himself to giving a quantitative 
value to all those characters which man and the aj)e share. The 
skeleton, the proportions of the limbs, hands and feet, the duration 
of the growth period, times of closure of sutures and the like, lend 
themselves to quantitative investigation. Thus we can consider 
not only qualitative differences between man and the apes, but also 
quantitative differencjes. The results of these investigations have 
led Schultz to the general conclusion that the Asiatic and the African 
anthropoids are groups closely related amongst themselves, and 
more closely related to one another than they are to man. Thus 
it is established by these quantitative investigations that the 
divergence of man from anthropoid ape is greater in degree than 
the divergence amongst themselves. By a different method of 
investigation we thus come to the same conclusion as Straus, namely, 
that man has come from the primate stem earlier than the anthro¬ 
poids. Le Gros Clark, who has especially considered the basal 
primate anatomy, comes to a similar conclusion. If this is so, the 
vast number of likenesses in man and the anthropoids are family 
resemblances starting from hereditary units derived from the 
common primate pool and developed along parallel lines. 

If man has avoided many of the anthropoid specialisations, it 
is logical bo expect that he might retain many of the early primitive 
primate characters which the great apes have modihed or lost. 
These aspects Wood Jones has especially emphasised, and they 
have led him to conclude that man has emerged from the primate 
stock at a very early stage in its evolution. Man, for instance, has 
small canine teeth and a chin. In all apes the canines are great 
teeth, but the chin is absent. The bones of the side of the skull and 
front part of the floor of the skull preserve the primitive arrangement 
in man, while they are differently constituted in the anthropoids. 
The humerus of man shows very occasionally an entepicondylar 
foramen, a feature which occurs only in the very basal primate 
stock. These are characters tucked away in the recesses of the 
body, of no apparent survival value, and not exposed to the 
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rigours of natural selection. They live on because their genes 
have enjoyed unbroken transmission. Those who have these 
characters could not be deriv'ed from those who have lost them. A 
recrudescence of them by a subsequent mutation seems incredible. 

Man, of course, has a great number of distinctive characters. 
The most striking and obviously the most important is the enormous 
development of the brain. The important observations on this 
matter have been gathered together by Sir Arthur Keith. Man’s 
brain is more than treble the size of the largest existing anthropoid, 
though all primates have relatively large brains, and the anthro¬ 
poids, and esi^ecially the fossil ape —Atcstralopitheciis africanua — 
exhibit a well-marked t^endency to brain enlargement. In both 
man and the anthro})oids the brain grows abundantly during the 
time of the milk dentition, but while the increase is 30 per cent, in 
the gorilla, it is 200 per cent, in man. The greater size of the brain 
in man is arrived at not so much by a longer time of growth, but 
by the greater velocity at which it proceeds. 

This specialisation of the brain, which is one not of change in 
the organisation or differentiation, but of the rate of growth, has 
of necessity led to many changes in man’s body. It allies man with 
the apes in so far as they share it; it separates man from them 
by the far greater degree to which it has been carried in him. A 
common trend has been inherited, but man by his earlier emergence 
from the primate stock has avoided either the inhibitory, or acquired 
the augmentory factors which have led to the largest cerebral volume. 

OONOLTTSION 

By two lines of evidence we have proceeded to justify the theme 
of this essay. By a brief review of the discoveries of fossil man 
we have been led to believe that man of a t3qc)e indistinguishable 
from modem man lived in the Early Pleistocene, and that his 
contemporaries were men who shared more closely than he did many 
of the pithecoid trends, and some of them were much smaller brained 
than he was. By brief reference to the work of Le Gros Clark, 
Schultz, Straus, and others, we are on anatomical grounds led to 
believe that man emerged from the primate stock at the primitive 
monkey level before the emergence of the anthropoid apes. If this 
is so, it is conceivable that one type of man might have evolved 
without being encumbered by overhanging brows, and without a flat 
head, and have proceeded straight along an evolutionary line that 
ended in the production of the modem type. How direct and brief this 
course might have been we can only surmise. PalsBontology suggests 
gradations, genetics makes it possible that it might have been 
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saltatory with few and large gradations. The finding of more fossils 
alone can decide this problem. 
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JETS MUSICALLY INCLINED 
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“ We muHt look on all jei« as muHically incUnwl," 

John Leconte, M.D., Discoverer of SetisUivc Flnmes. 

“ . . . anjswor to Hi ! or any loud cry 
Such 08 Fry nii> ! or Fritter rny wig ! " 

** The Hunting of the Sfuirk." 

. organ pipt« are of such delicate constitution that they take 
umbrag<*^ at a touch.” 

Ojrinion of Walter and Thwitas Lewis, organ builders 
of Bristol (” Modem Organ Building/* London : 

William 1923). 

Jkts of fluid have alwaya attracted the interest of natural philoso¬ 
phers. They were the favourite study of I.eonardo da Vinci, forming 
the subject of a great number of his drawings and notes, and although 
he was chiefly concerned with w’^ater Jets, he also studied jets in 
air and de8cril>ed ways in which they might be made visible.^ 
The illustration in Plate 1, Fig. 4, is one of I.ieonardo’8 sketches of 
the vortices produced by a water jet flowing into water. 

That great physicist, physician and Egyptologist, Dr. Thomas 
Young, also addressed himself to them ; so, again, did John Tyndall, 
who produced many pretty experiments, demonstrations and dog¬ 
matic conclusions ; and Lord Rayleigh, lecturing on Tyndall's 
scientific discoveries, confessed that “ one that I have l)een especially 
interested in myself, is the subject of sensitive flames " [1]. Indeed, 
he had spent thirty-five years, off and on, in experiment and calcu¬ 
lation, and had published a doxen communications varying from 
short notices of observations to long mathematical papers, of which 
oven Lord Kelvin was constrained to remark that he found some 
of them ‘‘ very difficult reading, in every page, and in some ooly 
difficult " [2]. 

In fact, despite more than a century of experiment and theory, 

' I am indebted to Sir Kenneth Clark, Director of the National Gallery, 
for the authority for these statements. 
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the immense complexity of the behaviour of jets has defied all 
attempts at explanation. And yet, at first sight, nothing would 
seem much simpler than forcing a fluid to debouch from a hole 
into a space containing the same fluid at rest: complications due 
to surface tension and buoyancy which arise when a jet issues into 
a medium different from itself (such as water fountains in air) are 
absent. According to the kinetic theory, a gas consists of a large 
number of particles moving in all directions with very high velocities, 
and suffering a large number of collisions, and superimposed on 
these velocities is the velocity of the jet which, relatively s[7eaking, 
is a mere drift. Nevertheless, the phenomena exhibited by jets 
of this sort present problems which are far beyond our present 
mathematical powers. 

Thomas Young [3] commences his communication to the Royal 
Society on the subject of sound by remarking that ‘‘ the further 
I have proceeded, the more widely the prospect of what lay before 
me has been extended,’' and concluded that his investigations 
would “ occupy the leisure hours of some years, or perhaps of a 
life.” The second of his experiments relates to liis drawing repro¬ 
duced in Fig. 3 (Plate I), which he describes as follows : 

“2. Of the direction and velocity of a Stream of Air. 

“ One circumstance was observed in these experiments, which 
it is extremely difficult to explain, and which yet leads to very 
important consequences : it may be made distinctly perceptible 
to the eye, by forcing a current of smoke very gently through a 
fine tube. When the velocity is as small as possible, the stream 
proceeds for many inches without any observable dilation ; it then 
immediately diverges at a considerable angle into a cone, Pig. 24 ; 
and, at the point of divergency, there is an audible and even visible 
vibration. . . . When the pressiu-e is increased, the apex of the 
cone approaches nearer to the orifice of the tube, Figs. 26, 26 ; 
but no degree of pressure seems materially to alter its divergency. 
... At first sight the form of the current bears some resemblance 
to the vena contracta of a jet of water ; but Venturi has observed, 
that in water an increase of pressure increases, instead of diminishing, 
the distance of the contracted section from the orifice. Is it not 
possible, that the faculty with which some spiders are said to project 
their fine threads to a great distance, may depend on the small 
degree of velocity with which they are thrown out, so that, like a 
minute current, meeting with little interruption from the neighbour 
ing air, they easily continue their course for a considerable time ? ” 

This curious feature of jets, the nearly constant angle of diver¬ 
gence whatever the velocity, has remained substantially unaccounted 
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for until the present day. It appears that this sudden spreading-out 
of the jet from a certain point was first shown in a drawing by a 
scientist. Artists, acute at; their vision is in most respects, have 
failed to notice it. Botticelli's depiction of a jet in his “ Birth of 
Venus " (reproduced in Fig. 2, Plate I) is, for instance, a quite 
impossible form. 

Interest in the behaviour of jets was re-aroused when, as a 
consequence of the adoption of coal-gas for the illumination of 
houses, a most unexpected discovery was made in somewhat unusual 
circumstances. One John Leconte, M.D., wrote to Silliman's 
American Journal for January 1858 as follows [4] : 

“ A short time after reading Prof. John Tyndall's excellent 
article * On the Sounds produced by the Combustion of Gases in 
Tubes,’ I happened to be one of a party of eight persons assembled 
after tea for the purpose of enjo 3 dng a private musical entertainment. 
Three instruments were employed in the performance of several 
of the grand trios of Beethoven, namely, the piano, the violin, 
and the violoncello. Two * fish-tail ’ gas burners projected from 
the brick wall near the piano. Both of them burnt with remarkable 
steadiness, the windows being closed and the air of the room being 
very calm. Nevertheless it was evident that one of them was 
under a pressure nearly sufficient to make it fiare, 

“ Soon after the music commenced, I observed that the flame of 
the last-mentioned burner exhibited pulsations in height which 
were exactly synchronous with the audible beats. The pluenomenon 
was very striking to everyone in the room, and especially so when 
the strong notes of the violoncello came in. It was exceedingly 
interesting to observe how perfectly even the trills of this instrument 
were reflected on the sheet of flame. A deaf man might have seen the 
harmony. As the evening advanced, and the diminished con¬ 
sumption of gas in the city increased the pressure, the pheDnomenon 
became more conspicuous. The jumping of the flame gradually 
increased, became somewhat irregular, and finally it began to flare 
continuously, emitting the characteristic sound indicating the escape 
of a greater amount of gas than could be properly consumed. I 
then ascertained by experiment, that the phcenomenon did not take 
place unless the discharge of gas was so regulated that the flame 
approximated to the condition of flaring. I likewise determined 
by experiment, that the effects were not produced by jarring or 
shaking the floor and walls of the room by means of repeated con¬ 
cussions. Hence it is obvious that the pulsations of the flame were 
not owing to indirect vibrations propagated through the medium of 
the walls of the room to the burning apparatus, but must have been 
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produced by the direct influence of aerial sonorous pulses on the 
burning jet/' 

Leconte went on to assert that it was evident (although it was 
not), that the phenomena he observed were |xjrfectly analogous to 
those investigated by Count Schaffgotsch and Tyndall [5J with 
flames which could be made to sing in tubes, the only difference 
being that in his case there was no tube. He then quoted the 
explanation of singing flames given by Faraday, who considered 
that the pulsations producing the “ singing ” were due to successive 
explosions caused by periodic combination of the oxygen of the 
atmosphere with the issuing jet. Later, however, after reading 
Plateau’s Theory of the Modijicatiotis experienced by Jets of Liquid 
issuing from circular orifices when exposed to the influence of Vibratory 
Motions, he concluded that this is only a particular case of the 
effects of sound on all kinds of fluid jets. 

According to Plateau, all the phenomena he observed in his 
famous experiments on the disruption of liquid columns, were due 
to conflict between vibrations and forces of figure.” I^econte 
then tried to argue in favour of molecular cohesion in gases so as 
to produce “ forces of figure.” If this be admitted, then he main¬ 
tained that gaseous jets are subject to the same laws as liquid jets 
and we must then ‘‘ look on all jets as musically inclined,'* 

He concluded by suggesting that the singing sound produced 
by free burning jets is also due to periodic explosions, but he forbore 
** enlarging on this very interesting subject, inasmuch as the accom¬ 
plished physicist (John Tyndall) . . . has promised to examine it 
in future. In the hands of so sagacious a philosopher, we may 
anticipate a most searching investigation of the pliacnomena in all 
their relations.” 

The results of the ” most searching investigation,” anticipated 
by Leconte, were given by Tyndall in a lecture at the Royal Insti¬ 
tution on ” Sounding and Sensitive Flames ” [5]. He commenced 
by remarking that the fish-tail flames in some of the metropolitan 
railway carriages would jump in synchronism with certain tremors 
of the train. He then showed that flames ordinarily insensitive, 
such as candle flames and the batswing flame, can be made to 
exhibit changes when a whistle is blown, provided that they are 
first disturbed by a jet of air from a blowpij)e. But, curiously 
enough, Tyndall never seems to have suspected that the blowpipe 
jet was the sensitive agent and that the flames only acted as 
indicators of its disturbance. 

A number of different flames were made to show their peculiar 
ways of turning from apathy to sensitiveness ” ; some long flames 
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became short, forked, and brilliant, while some short flames became 
long and smoky, others roared, and his most sensitive jet was much 
affected on having a passage from Spen(?er read to it/: 

“ Her ivory forehead full of bounty brav('. 

Like a broad table did itself dispread." t^te. 

It picked out certain sounds, noticing 8onK3 by the slightest 
nod, to others it bows more distinctly, and to some its obeisance 
is very profound, while to many sounds it turns an entirely deaf 
ear.” 

Later, by means of passing the gas over ammonia and then 
hydrochloric acid so as to })roduce a smoke of sal ammoniac, Tyndall 
showed that similar effects ai‘e obtained with unlit gases. He used 
coal-gas, hydrogen, carbon dioxide and air. In each case the pitch 
effective was found to be much lower. Some of TyndalTs drawings 
of his smoke jets are shown in Fig. fl, Plate I. 

In concluding, Tyndall, after agreeing witli I^conte that the 
flames must be on the jK)int of flaring, said that they stood “ on the 
brink of a precipice. The projxjr sound f)UsheH it over. It shortens 
when the whistle sounds, exactly as it did when the pressure was 
in excess. The action reminds one of the story of the Swiss mule¬ 
teers who arc said to tic u[) their bells at certain y>laces lest the 
tinkle should bring an avalanche down. The snow must be very 
delicately poised l>efore this could occur. I believe it never did 
occur, but our flame illustrates the principle. We bring it to the 
verge of falling, and the sonorous pulses j)rccipitate what was 
already imminent. This is the simple philosophy of all these 
sensitive flames.*’ 

The thoughts of the Switzerland that ho loved so well thus 
engendered, seems to have j)revented Tyndall from noticing tliat 
his explanation consisted in saying that a pn)ce88 whose origin he 
didn’t explain at all (turbulence due to excess velocity) was 
imminent. This was hardly satisfying and oven his assistant 
Barrett ventured to criticise it [6], without, however, getting very 
much further. Barrett thought that the main action of the sound 
was to throw the pipe leading the gas to the jet into vibration and 
so “ the flow of gas is thereby driven from the sides and urged more 
towards the centre of the tube.’^ This necessitated an increase in 
velocity and it was known that burning jets flared when the velocity 
was above a certain limit. 

Lord Rayleigh started by examining the effect of obstructions 
in the tubing such as stopcocks and taps and agreed: “ It may be 
that, as Prof. Barrett suggests, the mischief is due to tlie in’ogular 
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flow and consequent rioochetting of the current of gas from side to 
side of the pipe/’ Nevertheless, with pipes without obstructions 
and shielded from the sound vibrations, the jet is still sensitive ; 
in fact, the sensitivity is increased. Rayleigh then put the flames 
in stationary waves between a source and a reflector of sound and 
observed that they were most disturbed at points where the motion 
of the air was greatest, and not at the points where the pressure 
change was greatest, and consequently were affected at places 
where the ear would not be and vice versa. 

Later, Rayleigh examined jets of phosphorus-smoke by inter¬ 
mittent vision and noticed that sound-waves produced '' a 8er|>entme 
motion of the jet previous to rupture,” but he had great difficulty 
in getting sufficient illumination for his stroboscopic experiments 
and he repeated them with jets of water coloured with y^otassium 
permanganate flowing into water. Even so, with the best arrange¬ 
ment at his disposal, he found the ap|>earances difficult to interpret 
and reproduce in a drawing. However, Mrs. Sidgwick, who was 
working with him, was not deterred from y)roducing the sketch 
shown in Fig. 8, Plate I. Rayleigh kept on returning to the subject 
and his collected papers are intersy^ersed with notes of experiments 
and queries, these, no doubt, being included in order, as he said, 
“ to mitigate the general severity.” 

In the ” general severity ” must certainly be included Lord 
Rayleigh’s mathematical attempts to throw light on the phenomenon 
of sensitivity; in fact, as we have seen, such an aocomydished 
mathematician as Lord Kelvin could only view some of them with 
dismay. Rayleigh, adopting a method originally due to Kelvin, 
examined what would happen if the boundary of the jet contained 

PLATE 1 

Fig. 1.—Effoci of a j©t upon tho Hurface of the Moa (and (>fly«heu«) ad seen in the 
fifth century b.C. 

[Greek mmic mee : from Qardmr^e " Greek iw«r« »«the AnhmoleuH Mueeum." Clarendon 

Fig. 2.—A jet ad painted by Sandco Botticelli in 1486. 

IHrtA of Venm:* IJffiti. Anderton Photo.] 

Fio. 3.—Smoke jet» as they appeared to Dr. Thoman Young, K.R.8., in 1800, 
[PhUmophtcal TraneortimM of the Ropal Society, 112, IdOO.l 

Fig. 4. —Vortioew in a jet of water drawn by Loonardu da Vinci. 

[Windeor CoUeetUm. Copyright of H.M. the Kiny,] 

Fio. 6.—^The ideal jet of the mathematiciand. 

Fio. 6 .—Smoke jets as seen by John T^dall, F.R.8. 

[By fowieey of the Bditor$ of the ** Phuooophical Maytuine.**] 

Fio. 7. —A jet in the real world. 

[By eourteey of ttte Phynicol Society of jAmdon.] 

Fio, 8 .—A water jet as observed by Mrs. Sidgwick (and Lord Kayleiirh). 

[By eourteey qf the BdUore of the " PhUowpkUm Moyoeine**] 
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undulations (suoh as are shown in Fig. 13, Plate II). He was look¬ 
ing for a word to describe this case in which the sinuosities are 
symmetrical about the axis of the jet, when, “ during a biological 
discussion I found that there is a recognised, if not very pleasant, 
word ‘ varieMe.’ " In such a case of “ varicosity ” the formula 
he obtained indicated that the undulations should increase in size 
rapidly and disrupt the jet, and this would happen the more readily 
the higher the frequency of the sound. Unfortunately this pre¬ 
diction is not borne out in practice ; jets vary in the frequency to 
which they are most sensitive and their response to different frequen¬ 
cies is very complex [7]. Rayleigh then attempted to allow for 
the viscosity of the fluid and produced several more long papers, 
but at the end of thirty-five years, he was no nearer explaining 
the “ simple philosophy ’* of sensitive flames. 

Many other investigators added to the accumulation of observa¬ 
tions, some maintaining that the most sensitive jets were those 
which issued from a perfectly smooth circular metal orifice of 
perfect symmetry [8], while others recommended orifices of glass 
of irregular shape [9]. 

Let us cease now for a moment from considering the {Mussive 
musical inclinations of jets which have caused suoh confusion and 
fruitless speculation, and study another and more active feature 
of their musical propensities. When suitably stimulated they will 
emit beautiful sequences of tones and these, in their turn, serve 
to provoke oscillation of the air in resonating cavities such as the 
flute and the organ pipe, so that a great volume and variation of 
sound is produced. It is in this way that the music of nearly all 
wind instruments originates. 

If a jet of air is blown, say, from the mouth, against an obstacle 
suoh as a sharp edge, a note is produced, called an edge-tone, whose 
fiequenoy rises with increased blowing pressure, and there may also 
be sudden jumiw to notes of higher frequency. This was, no doubt, 
a prehistorio discovery, but the fact that if the edge blown against 
is the rim of a pipe, the pipe may be made to sound, is mythologically 
attributed to Pan. There seems to be some doubt as to whether 
the first pipes were reeds or hollow bird’s bones, but the attribution 
of the dismvery to a shepherd is certainly to be welcomed since 
it helps to exidi^ what shepherds do to while away the long hours 
of their vigil. For it is curious that an occupation so conducive 
to contemplation should, in the whole history of the world, have 
produced so little. Perhaps the close association with sheep, 
oteatures that have, at any rate in their maturity, long been symboUc 
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of a lack of originality and spirituality, may react unfavourably 
on their human accompanist. At any rate, it would be a happy 
thing if we could count the music of wind instruments as a gift 
of shepherds to civilisation, and suppose that it was one of them 
who first blew across the top of a broken reed and noticed that the 
note produced varied with the distance of the joint from the open 
end. Thus by cutting the reeds at different distances from the 
joint, or closed end, a series of pipes was obtained from which music 
could be called forth. 

The pipes in the fourth century n.o. consisted of a set of ten with 
their open ends in a horizontal line so that the lips could easily be 
transferred from one to another, and their lower ends forming, in 
consequence, a series of steps. This was the syrinx or pan pipe, 
and a representation of Pan blowing such an instrument, taken 
from a Greek vase of the fourth century b.o., is shown in Fig. 9, 
Plate II.^ The fact that increase of blowing pressure causes the 
edge tone to jump suddenly in frequency was made use of in order 
to produce the octaves. The syrinx enjoyed great popularity and 
was much used in the Middle Ages, but as early as the second century 
B.c. there evolved from it one of the most remarkable of all musical 
instruments—the organ. How this took place we shall probably 
never know, but there is little doubt that it also began, if not as 
a broken reed, certainly as a mutilated one. 

Let us look at Fig. 10, Plate II: the reed which Pan actually 
used was the one into which the nymph Syrinx was transformed 
when fleeing from his embraces; the one shown in Fig. 10 is, 
however, merely diagrammatical. The breath, indicated by dotted 
lines, is blown horizontally across the top and impinges on the 
sharp inner edge producing vibration of the air in the pipe in a 
manner which we shall presently be at pains to explain. The joint 
forms a natural solid bottom to the pipe. The vibration of the air 
in the pipe, in the simplest case, is a maximum near the lip and a 
minimum in the neighbourhood of the joint. 

Fig. 11, Plate II, shows how the reed could be altered so as to 
be blown in a different and more reliable maimer. A slit is out 
through the joint and a hole is made in the side of the reed with 
a sharp inner edge, in such a way that, if air is blown in as shown, 
a jet is formed on passing through the slit, which impinges on the 
sharp edge as indicated by the dotted lines. This again sets the 
air in the upper part of the reed in vibration. Fig. 12, Plate II, 
shows how closely a modem organ pipe resembles the earliest reed. 

^ I am greatly indebted to Prof. Bernard Ashmole and Prof. Ilandol|di 
Schwabe for help in choosing some of the illustrations. 
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Now with a jet in a fixed position with respeot to the sharp edge 
and no longer dependent on adjustment of the human lips, it is 
possible to evoke the ton as mechanically, and an account in Greek 
exists of an organ worked by water pressure compressing the air, 
called a hydravJm, which belonged to Hero of Alexandria. The use 
of some form of bellows for compressing the air supply came later 
and was known in Roman times, when the organ was associated with 
the theatre, gladiatorial combats, and pagan amusements generally. 
It was consequently under the ban of the Church, and it is a curious 
reflection to consider that an instrument formerly banned should 
have become the supreme medium for the musical expression of 
Gothic religious feeling. The organ did not enter churches until 
about the tenth century, and it had then reached a considerable 
degree of perfection, Venice being particularly famous for its builders. 
It became the fashion for emperors to give them away as presents : 
Charlemagne, for instance, had to find room for one which was 
presented to him by the Byzantine emperor in 812. The bellows 
were of hide and the pipes of bronze, and its tone was said to be as 
loud as thunder and as sweet as the lyre and psaltery. 

In Fig. 16, Plate II, we see King David playing an early type of 
organ in which wooden slides act as valves to admit the air to the 
different pipes. The air pressure is maintained by an assistant 
using a pair of bellows. St. Cecilia, the patron saint of musicians, 
is often shown with an angel working the bellows for her. A more 
uniform and copious supply than is obtainable by either of these 
methods is now attained by the use of mechanical bellows. 

The organ continued to evolve, a great deal of attention and 
skill being lavished on it, especially in England, until we have at 
last an instrument possessing “ that mysterious quality of other¬ 
worldliness that brings all heaven before one’s eyes.” 

That the sound is produced by the oscillation of the air in the 
pipe has long been recognised, and in the larger pipes of the organ 
this can be felt by the hand ; but when we ask how this oscillation 
is first set up we touch on a problem, which, like that of the sensi¬ 
tivity of flames, has worried natural philosophers for over a century. 

The first attempt to explain the initiation of tones in an organ 
pipe ^ was made by the great German physicist Wilhelm Weber 
and his brother Er^ [10]. They suggested that the first puff of 
air entering the pipe starts a pressure wave which sets the air in 
the pipe into oscillation and ^e resultant compression and rare¬ 
faction at the month oanse alternate compression and expansion 

* The fliUeat acoount of this subjeet available in a text-bo<^ is to be 
found in Prof. A. T. Jcom’s Sound, Chapman. A Hall. London, 19S7. 
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in the air jet itself, causing it to give a regular series of puffs which 
maintain the vibrations. 

Then Sondhauss [11] in Germany noticed in 1854 that tones 
are evoked when a jet is blown against an edge even in the absence 
of any pipe. He likened the phenomenon to a toy called the 
Waldteufel,” which had a great sale in bazaars in Berlin and Breslau 
about Christmas-time. This consisted of a cardboard tube, one 
end being closed with a disc having a horse hair attached to it. A 
loop was made in the free end of the horse hair and a pencil or 
similar object was rotated in it, the hair being kept taut. This 
procedure jerked the disc into vibratihn, and resonance in the tube 
helped to produce a loud noise so that the toy was a favourite 
amongst children. Sondhauss proceeded to point out solemnly that 
if, instead of twisting the pencil, the fingers were wetted and stroked 
along the horse hair, a longitudinal vibration was set up in it causing 
a tone whose frequency dej^ended on the distance between the disc 
and the fingers ; and as the frequency of edge tones also depends 
on the distance between the orifice and the edge, he suggested that 
there might be some mechanical analogy. This, however, is some¬ 
what obscure and cannot really account for the facts. 

Von Helmholtz [12] who did so much to put sound and music 
on a scientific basis, thought at first, that the impact of the jet on 
the lip caused a noise from which the pipe selected its own fre¬ 
quency. Later he suggested that vortices were formed in the jet 
when it struck the edge ; these mixed with the oscillating air in 
the pipe and, according to whether it was streaming in or out of 
the mouth, reinforced its inward or outward velocity, and thus 
sustained the oscillation. When the air in the pipe is oscillating 
it is clear that if its amplitude were sufficient it would blow the jet 
out of the tube when it was moving towards the mouth and suck 
it in when moving away from it, and this is the famous “ air- 
reed theory which maintains that the jet of air behaves like a solid 
reed (like those in the mouth-organ, for instance). Similar but 
slightly different views were held by Herman Smith in England [18], 
by Sonreck, an organ builder of Cologne [14], and by one Heinrich 
Schneebeli [15], and although it is to a large extent true in the case 
of an organ pipe in which the air is already oscillating vigorously, 
it does not explain how this vibration is ever initiated or how tones 
are produced without any pipe at all. 

A number of other researches and theories on the action of the 
organ pipe, made by means of introducing smoke into the air 
stream, were published by Van Trioht [16], by Bmmi [17], and 
by Friedrich [18], and so great was the confusion that the Bataafsoh 
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Genootsohap der Proefondenrindelijke Wijsbegeerte (Netherlands 
Society of Experimental Philosophy) chose the initiation of organ 
tones as the subject for a prize essay in 1858, and this was won 
together with a gold medal by Van Schaik [19]. He put talcum 
powder in the wind chest and observed the motion of the jet strobo- 
soopically (t.e. by looking through slots in a rotating disc): this 
showed that the air jet does oscillate from side to side, first going 
into the pipe and then outside. However, this threw no light on the 
initiation of the tone, and Weerth [20], and then Waohsmuth [21], 
in Rostock, thought it might be simpler to go back to Sondhauss' 
original experiments with a wedge alone without any pipe. They 
showed that in this case, if the distance of the wedge from the 
orifice is constant (as it is in an organ pipe), the tone rises in fre¬ 
quency with increased blowing pressure together with occasional 
sudden jumps in frequency, and again that a similar effect occurs 
if the pressure is kept constant and the distance of the wedge 
decreos^. Waohsmuth managed to get a series of photographs 
of a jet, to which ether vapour had been added, illuminated instan¬ 
taneously by electric sparks. 

His photographs were shown at a meeting of German scientists 
held in Kassel in September 1903, and a long discussion followed. 
Heydweiller (Miinater) thought that there must be some asymmetry 
somewhere, since if the stream were accurately bisected by the wedge 
there was no reason why it should ever start to go to one side rather 
than the other. Wachsmuth replied (quite correctly) that any 
disturbance or sound waves would upset the symmetry. Riecke 
(Gottingen) thought there must be an analogy with a garden hose 
shaken at one end, while Rubens (Chariottenburg) and Pringsheim 
(Berlin) thought that they would be able to explain everything if 
the aeries of photographs could be shown oinematographioally. 
Wien (Wfirzburg) said the number of oscillations per second of the 
jet must be equal to the frequency of the tone, and Drude (Giessen) 
observed that there were two motions to distinguish, the oscillation 
of the air from side to side and the translatory movement of the 
whole. 

The session ended inconclusively and nine years elapsed before 
the problem came up again at another meeting of German scientists 
at Munster in September 1912, when Kbnig read a paper [22]. He 
put forward a theory similar to that originally adumbrated by 
Lord Rayleigh, vit. that the sudden stoppage of the jet on first 
encountering the wedge would send a compression wave travelling 
outwards in every direction with the vrfocity of sound and that 
this would produce a disturbance at the orifice, which, travelling 
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Upwards with the jet speed, would cause another stoppage. But 
this did not give the correct value for the frequency, and anyway, 
it did not account for the jumps in tone. In the discussion which 
followed Kaufmann (Bonn) pointed out that the vortices could 
occur in a jet without its encountering an obstacle, and that perhaps 
the action of the wedge was to throw them first right and then left, 
and so cause sound. KOnig replied that that was essentially 
Wachsmuth’s original theory but it would not make the note depend 
on the distance of the wedge. Then Heydweiller repeated 
Helmholtz’s original theory that the air stream behaved simply 
like a stiff reed, in which case the firequency of the tones would 
depend on its length. This was too much for Kdnig, who replied 
testily, “ If it’s really as simple as aU that, then I can’t for the life 
of me see why so many people have broken their beads over it! ” 
Heydweiller hastened to add, “ Yes, of course, it would be much 
nicer, and from the point of view of exposition much preferable, if 
your simple and beautiful explanation might prove correct.” The 
lecturer being thus placated, the discussion continued, and although 
considerable illumination was thrown on the various mentalities 
of scientists, little, if any, fell on the problem of edge-tones. 

. We come next to Schmidtke [23] : he agreed that the fiequency 
of the note was equal to the number of vortices passing a given 
point in a second, and then attempted to make use of a mathe¬ 
matical theorem by von K4rm&n, who had calculated that a double 
row of vortices ought to be unstable except in one configuration, 
one in which they occur alternately on either side of the row with 
a certain spacing. The temptation to introduce mathematical 
considerations is always a strong one since physical theories are 
always strengthened thereby, but this attempt seems to have been 
premature. In order to obtain his result von K&rm&n had to 
assume (1) his vortices to be equal, (2) the rows of indefinite extent, 
and that the fluid was (3) without viscosity and (4) incompressible. 
In the case of air jets the vortices are (1) growing and decaying, 
and (2) the rows are necessarily not indefinite in extent, and fWliutt', 
the air is both (3) viscous and (4) compressible. It is not surprising, 
therefore, that Schmidtke’s theory does not fit the facts, and any¬ 
way, he avoided the main question, which is how the vortices arise. 

Then in 1920 Kruger [24] put forward yet another theory : he 
suggested that the jet had a natural “ wavelength,” or distance 
between vortices on the same side, corresponding to the “ jet 
tone ”—^the hissing noise produced by a jet which is not striking 
any obstacle. When the distance from the orifice to the edge is 
equal to this wavelength the vibration ought to be a maximum, 
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and as the distanoe inoreases the amplitude of the vibration should 
diminish sinoe the edge-tone wavelength becomes more and more 
out of step with the jet-tone wavelength. But as the wedge distanoe 
approaches double this wavelength, there will be a sudden jump 
back again to the natural wavelength corresponding to an octave 
jump in tone. Kruger did not verify his hypothesis by resorting 
to experiment, and as a matter of fact, the exact opposite of what 
he predicted occurs. Further, he did not explain why a jet should 
have a natural wavelength. 

Benton [26] and Richardson [26] also favoured the K&rm&n 
vortex-row theory. Richardson described an experiment with 
water jets which tends to show that the Rayleigh-KOnig theory 
of a compression wave travelling backwards from the edge to the 
orifice, with the velocity of sound, cannot be correct. He placed 
a second jet, without a wedge, near the first one : this second jet 
should have been affected by the sound wave from the first, but 
no disturbance of any kind was observed. 

From this brief account of the behaviour of jets it will be seen 
that the conflicting observations and great variety of theories 
make it a difficult subject in which to attempt to introduce any 
semblance of order. And, as regards the physical mechanism, the 
analogies that have been suggested range over an alarmingly wide 
field, and the would-be investigator has to bear in mind— 

(1) The projecting of tlireads by spiders (Thomas Young). 

(2) The “ Waldteufel,” a toy sold in bazaars in Berlin and 
Breslau about Christmas-time (Sondliauss). 

(S) The loosening of avalanches by careless muleteers (John 
Tyndall). 

(4) A garden hose shaken at one end (Riecke). 

(5) A varioose disturbance (Lord Rayleigh). 

Certainly the position with regard to jets seems to be even 
worse than that of aerial vibrations in general, which Lord Rayleigh 
summed up as having resulted in a “ vast accumulation of isolated 
facts and measurements which lie as a sort of dead weight on the 
soientifio stomach.” 

Let us see now if it is possible, by further observation and infer¬ 
ence, to mitigate this untoward dyspepsia. Suppose we pass a stream 
fof air through a burning oigaretto on its way to an orifice consisting 
lof a moTOW slit, and we then illuminate the jet intermittently by 
paning the light from two arc-lamps through slots in a rapidly 
rotating disc, and produce at the same time a pure sound whose 
frequency is equal to the number of interruptions of the light in a 
second. Now, if we look at Hie jet end-on, that is to say, in the 
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direction of its greater thickness^ and we cause the sound from the 
loudspeaker to pass through it in the direction of its lesser thickness, 
and we choose a fairly wide jet (say 3 mm.), we see the appearance 
shown in Fig. 13, Plate II. Further, if we run the stroboscopic disc 
a little slower so that the interruptions of the arc-light now have a 
frequency a little below that of the sound, we no longer get a 
stationary appearance but a slew-motion view of the j)eriodic 
changes which occur in the jet with the frequency of the note usecl 
(in this case 126 per sec.), which are, of course, much too rapid 
for the unaided eye. This stroboscopic device is much used for 
obtaining a slow-motion view of machinery such as cotton-spinning 
machinery, and the behaviour of the valves in motor-car engines. 

From the slow-motion view we can see that the effect of the 
air motion in the sound waves is to produce alternate swellings and 
contractions in the boundary of the jet as it issues from the orifice, 
and these varicosities (to use Lord Rayleigh’s term) travel upwards 
with a speed which is some fraction of the mean velocity of the jet. 
Now, if the velocity of the jet is not above a certain critical value, 
these undulations die away and the boundary becomes straight 
once more, as it does in Fig. 13. But if the velocity exceeds this 
value we get the appearance shown in Fig. 14 : the undulations 
increase in amplitude and then a vortex filament breaks away from 
the top of a crest and curls round. This feature of the motion is 
more clearly seen in thinner jets so let us turn to Fig. 7, Plate I, 
where the effect of the same sound on a 1-mm. jet w^hose velocity 
is a little above the critical is shown. In this case the vortices 
occur alternately and we can clearly see how, when the crests and 
troughs reach a certain amplitude, the friction between the crests 
and the nearly stationary air outside causes a filament to break 
away, in much the same way that spray is blown from the crests 
of waves and produces “ white horses ” on the sea, when the velocity 
of the wind relative to the waves is above a certain value. This 
filament curls round into the following trough, but it only makes 
about one and a half complete turns before it ceases to rotate and 
the external air is no longer entrained, the boundary becoming 
straight once more but inclined to its original direction, so that the 
jet, when seen with the naked eye, appears to rise to a certain 
height and then diverge in a wedge shape. 

All the parts inside the jet in Fig. 7 which appear black are, of 
course, due to the external air which has been entrained (which 
contains no tobacco smoke), and now we can see why jkmeB are 
such good indicators of the action of sound waves cm jets. For 
this entrained air increases the combustion which otherwise could 



JUTS MUSICALLY IKOLINBl) 43 

only take place along the outer boundary of the undisturbed jet, 
and the gas, being burned mc»e rapidly, does not apxwar to extend 
so far from the orifice, since, of course, it is only the burning gas 
which is visible. Consequently a burning jet will appear to shorten 
or “ duck ” when it is affected by sound, which is the observation 
first made by Dr. John Leconte at the American musical tea-party. 
In our considerations we have gained greatly by using an unignited 
jet issuing from a aHI, but the same phenomena can be shown to 
occur in flames from circular orifices [7]. In circular-sectioned jets 
the axes round which the vortex filaments curl are not straight, 
so that we cannot look through the vortices and see the motion so 
clearly, and this probably accounts for the fact that Lord Rayleigh 
could make nothing of the appearance pictured by Mrs. Sidgwick 
(Fig. 8, Plate I). 

Another feature of jets which seems to have escaped a century’s 
clr»8e observation is that they do not spread from the edges of the 
orifice but overlap a little owing to diffusion, and it is just in this 
overlapping region that they are most sensitive to sound. The 
more diffusible the gas the greater the effect, and in the case of coal- 
gas it can readily seen by looking at the jets in a geyser. The 
omission of this effect is one of the reasons why the ideal jet of the 
mathematicians shown in Fig. 5, Plate I, is not satisfactory, and 
its other defect is, of course, the assumption that turbulent mixing 
with the external air and wedge-shaped spreading commences at 
the orifice. This assumption cannot be correct unless the jet is 
already turbulent before issuing from the orifice, for, as we have 
seen, the undulations must travel a certain distance before friction 
between them and the surrounding air causes vortex formation 
and consequent mixing. Both efieots, however, become negligibly 
smaU when very large jets are conudered, such as those from aero¬ 
plane wind tunnels, and these are the only ones that have been 
used for comparison with experiment. It must be confessed that 
little help has come from the mathematicians, and this hs« chiefly 
been due to their tendency to adopt ad hoc assumptions rather 
than want for further physioid research. One is tempted to repeat 
I>r. Thomas Young’s criticism of the celebrated Bernoulli. “ M. 
Daniel Bernoulli has solved several difficult problems rdating to the 
subject, yet some of his assumptions are not only gratuitous, but 
contrary to matter of fact.” 

Suppose, now, that we turn once more to Dr. Thomas Young’s 
drawings of jets (Fig. 3, Plate I). Here there was no loudspeaker 
to produce disturbance and yet the jets diverge beyond a certain 
point into a cone. Does the jet itself produce sound I If we 
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listen carefully tlirough a piece of rubber tubing as the free end is 
moved about near the jet we find that at the point of divergence, 
where the vortex filament is spreading out, there is a slight hissing 
sound which may become easily audible if the velocity of the jet 
is increased; and with ignited coal-gas there is a loud roar. As 
the jet is sensitive to these tones it follows that it is self-disturbing, 
but the tones are not pure and the resulting vortex formation is 
very irregular and cannot be seen clearly. Nevertheless, this gives 
a hint towards the solution of our other problem, the production 
of edge-tones ; for may we not suppose that the interposition of a 
wedge into a jet stabilises the vortex formation in some way, and 
so causes the emission of nearly pure sound which travels out and 
reacts on the sensitive part of the jet near the orifice, causing an 
orderly sequence of fresh vortices ? This is a very plausible 
hypothesis and is essentially that suggested by Rayleigh, Schmidtke 
and Kruger, but Richardson’s experiment with two jets seems to 
make it untenable. 

Once again, then, we must resort to more experiment. Suppose, 
therefore, that we fix a brass wedge firmly in the path of a smoke- 
jet and allow the beams of two arc-lights to pass, one down either 
side of the wedge, and we alter the speed of the stroboscopic disc 
so that we get a stationary, or nearly stationary, picture. Then we 
see the following sequence [27]: first of all the jet is merely bisected 
by the wedge and half of it flows smoothly up one side of the wedge 
and half up the other, but when the velocity exceeds a certain 
value (lower than the value required for the development of sound- 
produced vortices and much lower than that necessary to produce 
the apjjearance drawn by Thomas Young) the whole jet appears 
to oscillate from side to side and presents the form shown in Fig. 16, 
Plate II. Let us call this Stage I. As the velocity is increased the 
oscillations become more vigorous and their frequency increases 
until, suddenly, there is change to the formation shown in Fig. 18 
(Stage II) accompanied by a sudden rise in frequency (the wedge- 
distance in this and the succeeding illustrations was extended in 
order to make the vortex formation clearer). Augmenting the 
velocity causes further gradual increase in frequency and vortex 
growth, and then another jump takes place to Stage III, shown in 
Fig. 19. A similar sequence follows and another jump to Stage IV 
(Pig. 20). Beyond this the edge-tones degenerate into toneless 
hissing. 

The changes and jumps in frequency as the velocity of the jet 
is increased are shown by the thin lines in Fig. 22. AB represents 
Stage I, and at B the frequency jumps up in the ratio 1 to 2*3 ; CD 
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represents Sta.ge II and another jnmp-up ooonrs at D (ratio 1 to 
1-6); the jump from Stage III to Stage IV (ratio 1 to 1-4) is not 
shown. On decreasing the velocity the jumps down take place 
at different points E and C. A curious feature, when the mean 
velocity is above 600 cm. per sec., is that Stage I may occur simul¬ 
taneously with one of the other stages, so that the jet may produce 
two nearly pure notes at once. 

The frequency of the sound is related to the mean velocity of 
the jet and the height of the wedge by the following formula, which 
holds for a slit 1 mm. wide : 

n = 0-466j(U-40)(l/A-0-07) 

where n — frequency in vibrations per second 
U = mean velocity in cm. per second 
h — distance of wedge from orifice in cm. 
and j has the values 1, 2-3, 3-8, and 6-4 corresponding to the four 
stages. 

Now there are two experiments which we can make, in addition 
to Richardson’s, which throw doubt on the theory that sound 
travels back to the orifice and starts a fresh series of vortices. 
We can reproduce similar vortex development to that in Stages II, 
III, and IV, by the loudspeaker alone without any wedge. When 
this is done it is found that a loud sound is required, whereas the 
jet may emit no audible edge-tone with the wedge. Evidently, 
then, sound is not the only cause. Again, we can “ grow ” sound 
vortices on top of edge-tone vortices by using the loudspeaker when 
the wedge is in position as shown in Fig. 17, Plate II. (This is 
similar to Fig. 18, with sound-produced vortices superimposed.) 


PLATE II 

Fio. 9.—^Pan playing the syrinx in the fourth century b.c. 

{C<ypyngM of ^ BritUh Mimum.] 

Fjq. 10.—Section of a reed showing the method of blowing by the mouth. 

Fio. 11.—Section of a reed altered so a« to be suitable for mechanical blowing. 
Fig. 12.—Section of a modem due organ pipe. 

Fig. 13.—^Undulations in the boundary of a smoke jet produced by sound. 

Fig. 14. —^Development of undulations into vortices with inoreaee in jet velocity. 

Fig. 15.—King David playing an organ as seen in 1241. 

(AfunieA; Stwita^ibUoUiek, from “ A HiMortf of Music in PiHurc$r J. M. Dent A Sons, Ltd.) 

Fig. 10 .—Vortex formation produced by a wedge (Stage I). 

Fig. 17.—Soimd•produced vortices superimposed on edge-tone vortices. 

Fig. 18. —^Vortex formation produced by a wedge (Stage II). 

Fig. 19. —Vortex formation produced by a wedge (Stage III). 

Fig. 20.—^Vortex formation produced by a wedge (Stage IV). 

iFiffS. 18, 14, 16, 17, 18, 19, SO, bff eowteeif ef the Phtfmal Society of London,] 
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It is difficult to see how the larger edge-tone vortices could remain 
unaffected by the development of the sound-produced vortices if 
they both originate at the orifice. 

It appears, therefore, that some essential aspect of the pheno¬ 
mena must have been neglected. To see what this may be, consider 
the simplest case of all, that in which a jet impinges on a flat plate 
as shown in Fig. 21a. In this case, as in the case of a wedge, the 
jet, when its velocity is sufficient, starts to oscillate from side to 
side and the smoke escapes first on the right and then on the left. 
Suppose, now, that the jet moves over to the right, as shown in 
the diagram ; this will involve displacement of the surrounding 
air, and if this is done quickly enough a local rise of pressure will 
take place at A, which, is dissipating itself, will react on the lower 
portion of the jet which is very easily deflected, and cause it to be 
displaced slightly to the left. The efflux then takes place towards 
the left, causing another local increase of pressure on that side, 

which drives the jet to the 
right, and so on. It is not 
difficult to see, therefore, how 
vibration of the jet might 
be maintained by the re- 
m H wM surrounding air 

I I 1 ■ without necessarily assuming 

Pjq 21. vortices must be formed 

at the orifice. Jets producing 
edge-tones are always sensitive to sound, so that we can explain 
the initial deflection by supposing that it is due to a vortex 
travelling up the jet caused by sound or other small disturbance. 

If we take the left half of the flat plate away, in Fig. 21a, we get 
the case of a jet blown against an edge, as in the original Pan-pipes, 
and a little consideration will show that here, again, oscillation can 
be maintained, even in the absence of any pipe. 

To see what occurs when a wedge is used, we con imagine the 
plate in Fig. 21a to be hinged in the centre and that we slowly 
fold back the sides so that it becomes a more and more pointed 
wedge. The oscillations of the jet continue although the efflux 
occurs in a less confined space ; this merely increases the frequency 
slightly. 

But now another phenomenon occurs, connected with the sudden 


jumps m tone : to understand this let us turn to Fig. 216. If 
the deflection of the portion FE of the jet is of sufficient amplitude 
and rapidity, it causes the deflection of the portion GF by the process 
that we have just envisaged: we may now suppose that a point 
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is reached, aa the velocity of the jet increases, at which, from the 
exposed portion F, a vortex filament spreads out which develops 
as it travels upwards. When this vortex passes the edge it may 
cause a different disturbance in the surrounding air, resulting in the 
distance FE becoming shorter. Now this would correspond to a 
jump to Stage II and a sudden increase in frequency, since the 
shorter FE the shorter the interval between the arrival of successive 
vortices at the edge and so the greater is the frequency of the 
sudden local increases of pressure which occur. 

Similarly the deflection of GF may become great enough to 
deflect the portion of the jet below it and then a vortex may com¬ 
mence at G. This, on travelling upwards, develops to a greater 
extent than the vortices formed at F and, in its turn, may cause a 
different disturbance at the edge, resulting in a smaller value for the 
distance FE, and so the frequency of the vortices arriving at the 
edge increases suddenly once more, giving what we have called 
Stage III. This process can be repeated by further increasing the 
velocity but after Stage IV no further jump takes place. That the 
distance FE does become suddenly smaller in each stage just after 
the jump can easily be observed, but what happens during the 
jump, takes place too rapidly for the eye to follow, even with the 
slow-motion device used. 

This theory of the mechanism of edge-tone formation is able to 
account for vortex production which does not necessarily originate 
at the orifice, but, of course, when sound is produced there will be 
sound-produced vortices similar to those which we considered when 
discussing sensitive flames. This explains the ability of jets to 
give rise to two notes at once : the higher frequency tone (Stage II, 
in, or IV) is maintained by its sound waves producing fresh 
vortices at the orifice, while, at the same time, the whole jet, vortices 
and all, may oscillate from side to side as in Stage 1, maintained by 
the process we have described. 

We can now see why, on blowing harder on a musical instrument, 
we can evoke higher harmonies of the fundamental note of the 
pipe, and this, no doubt, was made use of by Pan when playing 
the syrinx, although he probably did not know that the edge-tone 
does not jump exactly an octave but in the ratio 1 to 2-3, the pipe 
forcing it to the octave. The greatest complexity in the initiation 
of its tones is shown by the flue organ pipe, and in view of the 
great controversy that has raged over it, it is of interest to see 
whether it can te explained by means of edge-tone theory. 

If the air is admit^ slowly into an organ pipe (it is then said 
to be “ underblown ”) a very curious sequence of sounds ensues. 
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which is illustrated in Fig. 22, where the thick lines represent the 
audible pipe-tones, and the thin lines represent the edge-tones for 
the same jet and height of wedge but without any pipe. Lord 
Rayleigh [28] examined this phenomenon very carefully in a 2-foot 
open metal pipe and his description, for decreasing pressure, is 
given below together with letters referring to the corresponding 
features in Fig. 22 which was obtained from a 4^-foot open wooden 
diapason. 


JEUiylelgh*8 BMoriptton. 


Fig. 22. 


About this point the octave of the normal note is heard, after which 
the normal note iteelf disappears. 

The normal note reappears, the octave continuing. 

The octave goes 

and then the normal note, 

after whioli there is silence. 

Octave comes in again, 

and then the normal note, at a pitch which falls from considerably 
above to a little below the natural pitch. At the lowest pressures the 
normal note is unaccompanied by the octave.*’ 
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In order to explain the mechanism of the production of this 
sequence, it is more convenient to consider what occurs with increas¬ 
ing velocity. In the pipe used, the construction of the block and 
lower lip was such that the jet of air is directed outwards and does 
not encounter the edge until its velocity is 200 cm./sec. Conse¬ 
quently Stage I is unstable and edge-tone oscillation commences 
at a (Stage IT): when this reaches a frequency of n = 100 c./sec., 
oscillation is set up in the pipe and the edge-tone changes suddenly 
to n = 126 c./sec. at 6, and this frequency is feebly emitted by 
the pipe. The combination of the pressure changes in the pipe, 
and those in the wake of the vortices entering the pipe (which 
according to our theory are the cause of free edge-tone production) 
result in the frequency of pipe and edge-tone rising continually and 
slowly together to n = 136 c./sec. at c (U = 290 cm./seo.). The 
pressure changes in the pipe are not sufficient to affect the edge- 
tone any further and the sound ceases. But it happens that Stage 
III in the free edge-tones at U = 290 cm./sec. has a frequency very 
close to the octave, and this gives rise, for a short interval, to a 
very feeble octave note at d. 

The construction of the block and lip now causes the jet to pass 
just inside the edge, and silence ensues, together with absence of 
edge-tone oscillation, until the velocity reaches 380 cm./seo. At 
this velocity a disturbance passing up the jet and striking the edge 
would produce a frequency of nearly double the fundamental, and 
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pressure variation of this frequency being reinforced by resonance, 
the note is maintained in spite of the fact that the jet does not 
strike the edge centrally. If the velocity is increased very slowly, 
however, the fundamental is elicited first at c. This presumably 
is due to the fact that the fundamental frequency, n = 130 c./seo., 
is less than half the octave, n = 264 c./seo,, so that the edge-tone 
reaches double the fundamental of the pipe before reaching equality 
with the octave. When the octave sounds at /, the pipe takes 



—. Free ed^ tmes ;mmm, orjffm pipe, tones \ , organ pipe edge tones 

Fia. 22.—Open Wood Diapason. Fundamental, 130 cyolea/seo.; 
Underblown octave, 204 oyoles/aec. 


complete control and the fiequency remains constant (Stage II). 
When the velocity reaches 660 cm./seo. at h, the real fundamental 
of the pipe begins to sound and the jet oscillates as a whole from 
side to side (Stage I). The octave note can still be heard but 
disappears at i. The occurrence of Stage I at such a high velocity 
is quite impossible without a resonator. 

It seems, therefore, that edge-tones are responsible for the 
initiation of the vibrations in musical wind instruments of the 
organ type, and that even the details of the complex initial pheno¬ 
mena can be accounted for adequately. Also it seems that both 
Helmholtz’s theories are untenable, for the jet, on striking the 
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ed^, does not produce a noise containing many frequencies from 
which the pipe selects its own frequency, neither does it necessarily 
start vibrating like a reed in the manner that we have called Stage I. 

Such, then, are some of the intricate processes associated with 
the issuing of a gas through a hole, and it is little to be wondered 
at that the development of musical wind instruments has proceeded 
by the method of trial and error, and the knowledge handed down 
from father to son, and that organ pipes are said, by those who 
know them best, “ to take umbrage at a touch.” 

Further interesting complications are introduced if the velocity 
of the jet is above the velocity of sound ; or again, if the jet consists 
of a liquid issuing into a gas, such as a water fountain which breaks 
up into drops. The simpler case of gas flowing into gas, to which 
we have here restricted ourselves, has nevertheless stimulated the 
writing of over a hundred scientific papers. And although it is 
not yet possible to introduce mathematical rigour into the explana¬ 
tions given above, it is to be hoped that, at least, they merit 
something better than the dictum of Dr. Thomas Young (who, Lord 
Rayleigh said, “ was hardly ever wrong ”) applied to a certain un¬ 
fortunate Dr. Smith with almost Johnsonian devastation— 

“ Dr. Smith has written a large and obscure volume, which, 
for every purpose but for the use of an impracticable instrument, 
leaves the whole subject precisely where it found it.” 
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WHO DISCOVERED THE TRINIDAD 
ASPHALT LAKE? 

By PERCY E. SPIELMANN, Ph.D., B.Sc., F.I.C. 

When Sir James Barrie was asked what led him to write one of his 
literary productions, he answered, “ I had a pain in my mind/' 
In the same way I have had a pain in my mind ever since I realised 
that Sir Walter Ralegh’s description of his acquaintance with 
Trinidad asphalt in no way corresponded with a description of a lake. 
It was to ease this pain ” that I have examined the matter closely. 

It is commonly stated that Sir Walter Ralegh discovered the 
Trinidad asphalt lake. This immediately leads to the two questions : 
If he did, why is it not recorded in his writings ? If he did not, who 
did? 

The interest in the problem is manifold ; it concerns the inter¬ 
pretation of the significance of his records and those of others ; as 
well as a matter of priority, in a setting of Elizabethan vitality and 
glamour ; and it deals with a natural product that was early recog¬ 
nised to be of technical value, which has later developed into being 
one of the most important materials for road and building 
construction. 

The proper consideration of the subject requires an historical 
background, however slight, and the following points have been 
chosen as having the necessary significance. 

Trinidad was discovered by Christopher Columbus, at noon on 
July 31, 1498 ; but little attention was paid to it by the Spaniards 
until the close of the sixteenth century. Then they proceeded to 
establish their domination early in the year 1688 by the almost 
complete destruction of the Indians. Tbis led to the establish¬ 
ment of a permanent hatred of the Spaniards and an inclination 
towards friendliness to Sir Walter Ralegh, when he came. His 
first arrival took place on March 22, 1696, on his first journey in 
search of El Dorado, and his second in 1617 ; and he was followed 
by other Elizabethan and Stuart adventurers. 

Repeated attempts were made to settle the British in Trinidad, 

62 



THE TBINIDAD ASPHALT LAKE 


53 


the first starting in 1628 with no immediate result, and the last 
being those of the Earl of Warwick in 1645 (n.s.). It is tempting 
to think of this Earl of Wjvrwiok as being the very Robert Dudley, 
son of Elizabeth’s Leicester, who had actually visited Trinidad 
two months before Ralegh, but actually Dudley’s claims to the 
earldom had been disallowed, and it had passed to the Rich family. 
This colonising earl is Robert, second (or twenty-third) Earl of 
Warwick (1687-1658). Colonel Scott was the chronicler of the 
undertaking, and he, writing after 1660 about events in the 1640’s, 
refers to the Arawak Indians as being always friendly, as they 
never forgot the valuable military assistance given to them by the 
English against the Spaniards. “ The commodities of the island, 
as reported by the English of that time, were rich copper and iron 
deposits, gums oils, balsams, pitch and sulphtir, ‘ and other symp- 
tomes of rich mines ’ ” [20]. There is no means of knowing whether 
the “ pitch ” was of lake or land origin: it certainly had no 
connection with coal tair. 

It was not until 1783 that a planter named Saint Laurent realised 
the value of the island and its political importance, and he succeeded 
in arousing the interest of the Spanish Government. As a result, 
the island was thrown open to development and trading, and the 
population became numerous and mixed ; and the island prospered 
greatly. 

On February 16, 1797, a British squadron of four ships of the 
line arrived under the orders of Admiral Hervey, and landed General 
Sir Ralph Abercrombie with 4000 men, who easily captured the 
island from the Spaniards, permitting them to leave with military 
honours. 

What happened to the Asphalt Lake during the “ dark ages ” 
of the Spanish occupation between the late sixteenth century and 
the late eighteenth ? Why do we find no record of visits and 
exploration ? Why is there no mention of it until so late a date 
as 1786 1 

One reason for this lack of information is that the Spanish 
records are not easy to obtain and consult. The most available 
source is Borde’s account of the Spanish administration between 
the years 1408 and 1797 [10}. There is nothing about the lake 
in it, so that it is very probable that the Spaniards knew nothing 
about it. A reason for the lack of visitors may be that the island 
of Trinidad lies to the south of the trade route to the West Indies, 
BO that it is not in the direct line of shipping; even Ralegh and his 
oontemporaiies only went thwe on their way to seek El Dorado up 
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the Orinoco River. And having got there, why should an}rone 
seek asphalt in an inland forest when unlimited quantities wwe 
discoverable immediately on reaching the shore, especially in such 
a climate ? In addition, we may have an interesting example of 
the unchangeability of human nature. As early as 1786, de L6ry 
[19] wrote : “ it is a pity that the lake is still only visited by the 
Caribs ” ; and as late as 1915, Pitt-Keithly [17] wrote : “ Strange 
to relate, comparatively few of the people of Trinidad have ever 
seen the ‘ pitch lake,’ or know more about it than do the residents 
of this country.” 

Tlie Trinidad Asphalt Lake is situated near the village and 
Point of La Brea, about 1200 yards from the sea (in a direct line) 
and about 130 feet above its level. Let us see the impression made 
on observers, early in time as regards ourselves though late as 
compared with the dates of the early visits. 

In January 1786, de lAry visited the lake and describes it [19] 
as follows : “ The view is striking. There before one is a plain of 
pitch on a plateau at the extremity of the Pointe-i-brai, traversed 
by streams, more or less deep, running in all directions, consisting 
of excellent drinking water though tasting a little earthy. It is 
possible to walk upon the surface of the lake if the sun is not too 
hot; but at ten o’clock the pitch melts and forms a liquid surface 
which hardens again in the evening. 

” The pitch of the lake is superior to that on the strip of land 
to eastwards [‘ Bande de I’Ouest ’]; it is used for the treatment of 
buildings without admixture of fatty substances, an advantage the 
others have not got. . . . This coast has only recently been 
inhabited and by concessionaires. The road from the Port of Spain 
is a mere track.” de lAry also refers to the trade from the village 
of ” brai des 6tangs,” the exact meaning of which is not clear, 
though the land round about the lake is marshy and there is much 
” land asphalt ” (as distinct from lake asphalt) in the close vicinity. 

Three years later (1789) appeared another vivid account of the 
Lake, by Alexander Anderson [22], of which the following extracts 
have chosen. Anderson visited the lake during the rainy 
season. 

The lake ” lies . . . where the mangrove swamps are interrupted 
by the sand-banks and hills . . .” and “ is about fifty feet aj^ve 
the level of the sea.” ” From the sea it appears a mass of black 
vitrified rooks; but on close examination, it is found a composition 
of bituminous scoriae, vitrified sand, and earth, cemented together; 
in some parts beds of cinders only are found. In approaching this 
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Cape, these is a stroxig sulphureous smell, sometimes disagreeable. 
This smell is prevalent in many parts of the ground at a distance 
of eight or ten miles from it.” 

“ This point of land . . . falls with a gentle declivity to it [the 
sea] . . . and only separated from the sea by a margin of woods 
which surrounds it, and prevents a distant prospect of it.” 

“ It is of a circular form, and 1 suppose about three miles in 
circumference.” 

Another ” early modem ” description of it is that of Doctor 
Nicholas Nugent [6], in 1816: “ We ascended the hill ... to a 
plantation, then we procured a negro guide who accompanied us 
through a wood about three-quarters of a mile. We now perceived 
a strong sulphurous and pitchy smell, like that of burning coal, 
and soon after had a view of the lake, which at first sight appeared 
to be an expanse of still water frequently interrupted by clumps of 
dwarf trees or islets of rushes and shrubs ; but on nearer approach 
we found it to be in reality an extensive plain of mineral pitch, with 
frequent crevices and chasms filled with water. . . . The lake . . . 
contains many islets covered with long grass and shrubs.” 

Coming a little later is the description by Lavaysse [14, p. 286 
et seq.}, which can be summarised in the following form. The most 
remarkable of these marshes is the asphaltum lake, which has no 
connection with the great lagoon as marked on some maps. It is 
about half a league in length and breadth (these extraordinary 
dimensions are discussed later). It is situated near the sea and is 
devated 80 feet above its level. (This is another queer measure¬ 
ment, as the height to-day is over 130 feet.) 

There is no phenomenon which offers more variety and mobility 
than the surface of the asphaltum lake. Here are seen groups of 
shrubs ; there tufts of wild pine-apples and aloes. Among those 
shrubs and flowers, swarms of magnificent butterflies aiui brilliant 
hum min g birds seek their food, enlivening the scene which, if it 
were deprived of animals and vegetables, would present an exact 
image of Tartarus. 

By mixing this asphaltum (blown up by the waves on to the 
shore) in the propor proportion with tallow and Unseed oil, a kind 
of tar is made which is fit for oauUdng ships, and which has the 
inestimable property of pceserving tiiem from the corrosion of the 
sea-worm. Since 1806, the English have employed it very success¬ 
fully for that purpose. The iriand produces suffioient to caulk 
riiousands of sUpi every year. 

These are dear and vivid descriptions by intelligent observers 
of an unusual and (to them) unique sight. They are of value, not 
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only for themeelves, but also to serve as a standard for judging 
other accounts, which, human nature being of no great variation, 
might be expected to be of the same general nature. 

Now let us have Sir Walter Ralegh’s account of his approach to 
the island on his first visit in 1696 : 

“ On Thursday the 6 Februari® in the year 1696, we departed 
England . . . and directed our course for Trinidado . . . wee 
arriued at Trinidado the 22 of March, casting ancour at Point 
Curiapan which the Spanyards call Punto de GaUo [now called 
Hioacos or Icacos], which is situate in 8 degrees or there abouts : 
we abode there 4 or 6 daies, and in. all that time we came not to 
the speach of anie Indian or Spaniard ; on the coast we saw a fire, 
as we sailed from the point Carao [now Negra Point] towards 
Curiapan, but for feare of the Spaniards, none durst come to speak 
with vs. I my selfe coasted it in my barge close abord the shore 
and landed in euery Coue, the better to know the Hand, while the 
ships kept the chanell. From Curiapan after a fewe daies we turned 
vp Northeast to reoouer that place which the Spaniardes call pourto 
de los Hispanioles [Port of Spain], and the inhabitants Conquerabia, 
and as before (reuictualing my borge) I left the shippes and kept 
by the shore, the better to come to speach with some of the inhabit- 
antes, and also to vnderstand the riuers, watring places and portes 
of the Hand which (as it is rudely done) my purpose is to send 
your Lordship after a few daies. IVom Curiapan I came to a port 
& seat of Indians called Parko, where we found a fresh-water riuer 
[now Punta del Cedro, or Cedar Point], but sawe no people. From 
there I rowed to another porte, called by the naturals Piche and 
by the Spaniardes Tierra de Brea : In the way betweene both there 
were diuers little brookes of fresh water & one salt riuer that had 
store of oisters vpon the branches of the trees [this is true, as the 
branches are submerged at high tide ; Lavaysse [14, p. 287] also 
records this, and that the trees are mangrove trees], and were very 
salt and wel tasted. . . . 

“ At this point called Tierra de Brea or Piche there is that 
abundance of stone pitch, that all the ships of the world may be 
therewith loden firom thence, and wee made triall of it in trimming 
our ships to be most excellent good, and melteth not with the sunne 
as the pitch of Norway, and therefore for ships trading the south 
partes very profitable. . . 

This is a very different matter. There is here clearly no trace 
of evidence of his having seen the lake, but plenty that he was 
acquainted with the shore deposits at Brea; he is describing 
a coastal tour of investigation in search of fresh water and of inform- 
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ation from the natives. Nowhere is there any indication of an 
inland exploration (and the lake is not visible from the shore), only 
one expe^tion being made for punitive purposes from the Port of 
Spain to San Joseph, a distance of 7-8 miles. The local Indians 
knew of it, as is shown by their legend of its formation. That 
nothiixg was said to Ralegh is understandable : on the one hand the 
natives were superstitious about it, and on the other the Spaniards 
were only superficially friendly and were not “ giving anything 
away ” even if they knew of it, which is unlikely. 

In the few lines of description of the Island by Francis Sparrey 
[7], who was left there by Ralegh in 1605, there is no mention at 
all of asphalt. 

It might be expected that some other Elizabethan adventurer 
(more accurately to be described as legalised pirate) had found the 
lake, but when records are examined there is no reference to it. Robert 
Dudley, cousin of Ralegh [2], reached the island on February 1, 
1596, and left on March 1 (or 12), and mentions nothing about the 
lake [9]. Abraham Kendall, Master, whose Report is the third of 
the three describing Dudley’s voyage [4], writes : “ On 30th January 
1595 we saw the Island of IMnidad. ... In the said bay or 
harbour is a small stream of good water and easy to get. There 
is found a certain black bitumen like mineral pitch, good to patch 
vessels, near to Cape Curipan.” The interest of this record is not 
only that he, too, makes no mention of the lake, but also that 
he anticipates Ralegh by two months in the discovery of the shore 
asphalt and its usefulness for ships. 

Haroourt made a voyage in 1608, of which he published a 
description in 1663 [3]. He records: “. . . The twenty five [of 
September, 1608] we weighed againe, and plied along the shoare 
towards Cape Brea, about three leagues. This Cape is so called of 
the P»<cA which is there gotten in the earth, whereof there is such 
abondance, that all places on this side of the world may be stored 
therewith. 

“ It is a most excellent pitch for trimming of shippes that passe 
into these regions and hot Countries, for it melteth not in the Sunne, 
as other Pitch doth.” Another experience similaT to Dudley’s and 
Ralegh’s, and again no mention of the lake. 

Turning to records of foreign travel, there is the account of 
a Dutch voyage in 1697 [8] containing a general desoriptirm of the 
island and of barter with the Spaniards, but asphalt is not mentioned. 
Apart &om this th«w is nothing more than passing references to 
the ” Pik meer.” The i^gressive inooisionB of the Dutch were a 
constant source trouble witk the Spmfiards, and in a description 
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of a Belief Expedition (1638-39) under Don Diego Lopez, the 
following is given by Wise [16]: “ The Governor himself with 
Captain Don Diego Buiz went down the river to Cedros Bay 
and then on to Punta de Brea where pitch was out with hatchets 
and crowbars to serve for patching the jwarl fishing canoes at 
Margarita.” Again there is evidence that the shore asphalt was 
well known and available, whilst that of the lake is not mentioned. 

There is one record that gives some indication of the actual 
nature of the asphalt that Ralegh saw. This is in his account of 
his second voyage to Trinidad in 1617 [15]. He writes : “ The last 
of December we wayed ancor and turned up north est towards 
Conquerabo, otherwise called the port of Spayne being new yeers 
eve, and we came to Ancor at Terra de Bri, short of the Spanish 
port some 10 leagues. This Terra de Bri is a peece of land of some 
2 leagues longe and a league brode, all of ston pitch or bitumen which 
riseth out of the ground in little springs or fountaynes and so running 
a little way, it hardneth in the aire, and covereth all the playne, 
ther are also many springs of water and in and among them fresh 
water fishe. Here rode at ancor . . .” 

The last few words again show that the material was a shore 
deposit. The area of it shows that it was a “ playne ” and not a 
lake, and its nature and mode of formation is similar to the descrip¬ 
tions of Lavaysse and of Bosworth to be given shortly. 

There are two further descriptions [12] of the Trinidad asphalt, 
which make quite clear the nature of the known asphalt being not 
of lake origin : ” . . . from some of the Mounta 3 me 8 issue out great 
quantities of Tarre . . . and the very cliffs towards the sea are 
stored w* a sort of Munjack, not much unlike pitch, to the eye, 
woh serves very well for triming ships . . .” Later: “ Sir Walter 
Raleigh . . . came to the iK)int w‘** in y* grand Bay, called Punta 
de Brea or point Pitch . . . where the whole clifts are that kinde 
of Pitch, called in y® West Indies Munjack; Sir Walter Rawleigh 
at his Extraordinary hazzard and paines surveyed the Island.” 
Here if anywhere we might have expected a reference to the Lake, 
but there is none ; and the statement that Ralegh ” surveyed the 
Island ” is inaccurate, unless it refers only to a coastal survey. 

Turning to more modem authorities, we find observations and 
facts that give reasonable support to Ralegh’s 1617 account. 

Lavaysse [18] describes the coast as being a mixture of argil¬ 
laceous limestone impregnated with asphalt, with excellent running 
water in the folds, some 6 feet deep, with plenty of small fish. 

Bosworth [13] records : Along the anticlines, which generally 
are sharp and very steep, petroleum has accumulated where the 
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oonditioxis are favourable^ and its presenoe is manifested by escaping 
gas, seepages of oil and by extensive surface spreads of pitch/’ 
Taking these two together, and remembering that there is a 
considerable rainfall in Truudad and that the small fish have a 
considerable power of migration [11], a fairly close confirmation of 
Ralegh’s description is obtained. It must be remembered that the 
shore deposits were probably much more impressive in Ralegh’s 
time (Prof. V. C. lUing), more perhaps than the lake itself (if Ralegh 
had seen it). 


There remains to be considered the remarkable discrepancies 
in the figures given for the dimensions of the Asphalt Lake. Ralegh 
(assuming for the moment he was referring to the lake) gives 
2 leagues by 1 league. In his day, the league had the same length 
as it has to-day—3 geographical or 3*466 statute miles, so the 
asphalt he found was about 7 by 3| miles in area. Comparing this 
with others, we find :— 


Kalegh [16] 

Anderson [22] . 

Lavsysse [14] . 

Sohomburgk [1] 

Owen Rutter [11] . 

Modem map (Cadastral, F.IO, N.E. 


7 milee by 3^ miles 
about 1 mile diameter 
„ 1| miles „ 

•» »» »> 

area about 114 aiores 
about 800 to 000 yards diameter, 
just over 148 acres 


Apart from Ralegh’s hgtire, the difFerenoes are considerable as 
between modem and careful observers ; and a possible clue to the 
reason for this is given in Mr. Owen Rutter’s book [11]. He writes 
(p. 61); “ The asphalt is always moving, though the movement is 
imperceptible. Even the banks of the lake are affected by these 
mysterious movements ; from time to time the buildings on them 
take on a disconcerting list and on my visit part of the factory had 
recently been renewed for this cause.” 

This suggests that the asphalt extends for a considerable distance 
under what appears to be land, and at no great depth below the 
(urfaoe. Wording this in the opposite way, earth and vegetation 
has apparently spread over the original area of the etsphalt. We 
know that olnmps of vegetation grow on the asphalt to-day, so here 
is a basis for the question: Could the lake have been 1| miles in 
diameter in 1846 (Sohomburgk) and about 600 yards to-day 1 
Another possible explanation of the discrepancy is a confusion 
between the area of the asphalt lake, and the area of its containing 
basin. 

An examination of 11 maps raiding in date from 1797 to 1628 
shows that this is not the case, hut the results are yet illuminating 



SOniKGB FBOOBBSS 


00 

and explatiatoiy. The representation of the lake is divided sharply 
into two types, those made before 1838 (and including one map of 
no date but giving internal evidence of being published between 
1840 and 1861), and those of 1896 and onwards. 

Of the earlier type there are six, all showing the lake as an 
elongated area pointing roughly N.N.E., and drawn as an oval, 
usually with a heavily indented outline and a long central thin core. 
It is probably to this that Lavaysse referred (see earlier) as to the 
inaccurate connection that is shown of the lake with “ the great 
lagoon.” Of these, three of the maps were provided with scales 
and three without. Those with scales showed the central core of 
the area to be about f to IJ miles long. 

The five maps produced between 1896 and 1928 show the lake 
as being approximately round, and ranging from about 860 to 1100 
yards in diameter (excluding one Road Map in which the position 
of the lake is evidently diagrammatic). Assunung the lake to be 
round, which it is not, these diameters could correspond to an 
acreage of about 126 to 197 : the latest authoritative figiue is just 
over 148 acres. The range of these figures is wide, partly because 
the mapping and measiuement of the diameter of a small object is 
not very accurate, and partly because the lake is far from being 
exactly circular. But they do show very clearly that the change in 
the mapped shape is more likely to be due to the correction of 
faults of mapping than to the encroachment of soil over the asphalt. 
This is the more likely as the change took place subsequent to 1860, 
when the first official Report on the Geology of Trinidad wets 
published [6]. Here the lake is shown as being approximately 
circular in shape, but being given the very low area of 99 acres. 

It is not proposed to go into the other and minor mystery, the 
difference in statement of the height of the lake above sea level. 
The earlier writers give it as being about 60 to 80 feet, whilst later 
and more accurate figures give 138 feet. It is of no interest in our 
present problem. 

In the development of the discussion of this problem, the strict 
historical sequence of events has been lost sight of, so that a summary 
of the more important dates will be useful. 

Pre-Oolutnbus, The Indians knew of the lake. 

1498, Discovery of Trinidad by Christopher Columbus. 

No mention of asphalt. 

1696, February 1 to March 1 (or 12). Visit-of Robert Dudley. Abraham Kendall, 
Master, described Dudley’s visit. Describes shore asphalt. 

1696. March 22. Arrival of Sir Walter Rale^. Describes e^ore asphalt. 

1697. Cabilian (Dutch) describes the island. No mention of asphalt. 

1608. Arrival of Robert Harcourt. Refers to shore asphalt. 

1617. Ralegh’s second visit. Refi»rs to shore asphalt. 
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liSi. Bon Biego Lopes leeds relief expedition. Befers to shore esphidt. 

Oolong B^tt cfiMoribes Eerl of Werwiok*s settlement. Mentions trading in 

1783. Spa&'s interest aroused in the island^ which is thrown open to oommeroe. 
1786. Asphalt lake described by de lAry. 

1789, Aimhalt lake described by Anderson. 

1797, Trmidad taken by the British. 

1813, Asphalt lake des^bed by Lavaysse. 

1816, Anhalt lake described by Doctor Nugent. 

From this the following conclusions can be drawn: 

(1) Sir Walter Ralegh did not see the Trinidad Asphalt Lake* 

but described and used shore asphalt. 

(2) He was not the first to use it, being anticipated by two 

months by his cousin, Robert Dudley. 

(3) The first description of the lake was by de L6ry, in 1786. 
The only doubtful point that remains concerns the remarkably 

late date—1786—of the first published description of the lake. 
Reasons for this delay have been advanced. It now remains for 
some chance discovery in a volume of travels or in legal or bio¬ 
graphical records to supply an earlier date. As many volumes 
have been consulted for the purpose of this discussion, the chance 
exists though it is not great. 


NOTES 

1. Sir Walter Ralegh wrote of La Brea being “called by the naturals 
Piche.** This name is not derived directly from the English “ pitch,*’ as the 
Indians used it before the advent of the English. It has been pointed out [21] 
that, after Columbus and before Ralegh, trading with the Spaniards and 
Portuguese must have taken place; and the “ naturals ” adopted the 
Portuguese “ pixe ” rather than the Spanish “ pez.” Perhaps this prefer¬ 
ence may be another symptom of the natives’ hatred for the Spaniards. 

The other Spanish word, which Ralegh and the later map-makers used, 
is Brea»” meaning “ pitch, tar, maltha,” and is closely allied to the French 
“ broi.” 

2. ** Pitch ” nowadays refers to the product of distillation of the tar 
that is usually produced by the distillation of coal or wood. The roughly 
equivalent petroleum product is known as asphaltic bitumen,” and when 
this is mixed with any mineral matter, such as sand, clay, stone, and the 
like, the resulting mixture is ” asphalt.” The Trinidad mixture was known 
to the early visitors as ” pitch ” because of the superficial resemblance; 
to-day the material is known as “ Trinidad asphalt,” and the term ” pltdi 
lake ” gives way to ” asphalt lake.” 
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PROGRESS IN FISHERIES RESEARCH 

Bv E. FORD, A.R.C.S. 

A$ti$tatU Dimior, Marim Miakvieal Lttbotatmyj 

Ajjyonig desirous of obtaining a working idea of the progress being 
made in fisheries research would do well to consult the series of 
reports issued by the International C!ounoil for the Exploration of 
the Sea, in connection with the Annual Reunion at Copenhagen last 
July. Much of the information given is, of course, mainly of 
interest to scientific specialists, but there is plenty to attract and 
hold the attention of the layman. For example, it may not be 
generally realised that the transfer of living sea fish from one area 
of the s€»a to another has become an established and highly successful 
method of improving the yield of commercial fisheries. In Denmark, 
where for many years there has been a yearly transplanting of 
young plaice from the nursery grounds of the North Sea to the inner 
Danish waters, about 1,150,000 were transferred in 1936 from the 
Homs Beef Area to the Belt Sea, the southern Kattegat, the Sound 
and the western Baltic. Another 1,650,000 were transplanted from 
the waters off* Thyboren to the inner broads of the lirafjord, 
Smalls quantities of undersized plaice were sent firom Denmark 
to the Swedish Government to be released in the eastern Kattegat, 
and to Norway for transplanting in the Oslo Fjord. A short report 
by the Swedish authorities on the results obtained draws attention 
to one of the disappointments which at present seems to be unavoid- 
able in transplantation schemes, namely, that newly transplwted 
fish are in danger of being fished out too soon after they are liberated 
in their new home. Obviously it is a waste of time and money 
to “ bed^out ** young fish if they are going to be “ plucked the 
next day. They must be left to profit by accelerated growth in 
their more favourable habitat. 

There have been improvements in the technique of plaice trans¬ 
plantation, and experiments in transferring fish of larger sizes than 
hitherto. Thus, in Germany, where plaice have been transferred 
from the North Sea to the Baltic, the fish are now packed in kelp 
in boxes and kept moist with running sea-water instead of melting 
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ice during the five-hour journey to the new grounds. This is done 
by means of tins with fine holes drilled in the bottom, through 
which sea water runs continuously on to the boxes over which the 
tins are mounted. Plaice as large as 35 cm. in length have been 
successfully moved in this manner, with the object of building up 
a stock of plaice in the Baltic which would spawn in the first year 
after transplantation. 

The Germans have also experimented with turbot, but find that 
the fish used for transplantation were too old for the purpose. The 
results showed, however, that the fish adapted tliemselves fairly 
well to the new environment, although they did not grow any better 
than on their old grounds. It is suggested that the experiment 
should be repeated with younger fish. 

Another piece of very interesting experimental work is that of 
Norwegian workers in artificially propagating hybrids between the 
plaice and the flounder. In 1935, at the Biological Station in 
Trondheim, about two million of these hybrids were liberated in the 
almost land-locked branch of the Trondheim fjord known as the 
Borgen fjord. In the same autumn, fry-fishing in this fjord yielded 
about 2 per cent, of these hybrids. In 1936 another 13 million 
hybrids were released and the subsequent autumn fiy-fishing then 
showed the much larger percentage of 30 per cent, of hybrids present. 
The normal occurrence of natural hybrids is very feeble in this 
locality, being about 1 in 5000 flatfish present. 

Scottish experimental work on the lobster has yielded valuable 
information on this important crustacean. For a number of years, 
lobsters kept in the building at the Bay of Nigg, under as nearly as 
natural conditions as possible, have been under continuous observa¬ 
tion. The knowledge thus acquired indicates that lobsters after the 
adult characters and the bottom habit have been assumed, may 
be divided into five groups or growth periods : 

(1) First bottom stage to a size of about 3 inches, during which 
moulting occurs three to five times, but usually three. 

(2) Lobsters measuring 3 inches to about 6 inches. These seem 
to moult twice per annum. 

(3) Lobsters from about 6 inches to between 9 and 10 inches, 
in which moulting is an annual event. 

(4) Lobsters from 9-10 inches to about 13 inches, in which 
moulting is not more frequent than once in two years, or even 
longer. The attainment of this stage is probably coincident with 
first maturity. 

(5) Lobsters above 13 inches. 

The data on growth rate indicate that the female grows at a 
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faster rate than the male during the earlier years. Under laboratory 
conditions, while the male took nine years to reach a size of 9 inches, 
the female reached the same size in seven years. 

Now although activities and experiments of the kind mentioned 
above are highly instructive and useful, one should not lose 
sight of the all-important work of actual “ stock-taking at sea on 
groimds worked by commercial fishermen, and populated by stocks 
of fish subject to natural fluctuations. Now, as ever, the yield of 
the fisheries rises and falls from year to year in consequence of 
unequal brood production under natural conditions. A rich harvest 
ensues when a rich brood comes to maturity; a bad one when a 
poor brood has to be fished. A rational fishery will seek to adjust 
fishing so that the rich brood shall be protected from avoidable 
waste. Some very illuminating data are given by Dr. Strodtmann 
regarding the plaice population of an area east of Sassnitz in the 
coastal waters off Pomerania during the years 1934 to 1936. He 
shows that a 30-minutes’ haul of a shrimp net in 1934 3 rielded 242 
baby plaice, but only 20 in 1935 and 4 in 1936. This was due to 
the very unequal broods of the three years. In the area between 
Sassnitz and Kolberg the 1934 brood was extraordinary dense ; 
so much so that fishermen’s catches consisted in the main of these 
young fish, with the result that over 90 per cent, had to be thrown 
overboard and wasted because of their small size. It is gratifying 
to learn, therefore, that the minimum size limit has been raised in 
order to protect the stock from such regrettable waste. 

Finally, an equally interesting set of data illustrating the unequal 
production of broods from year to year is that relating to mackerel 
off the Atlantic coast of America in New England. Dr. Sette gives 
comparative figures for the fourteen years 1921 to 1934, inclusive, 
of the catch of mackerel per unit of catching power, the variation 
from year to year being a measure of the variation in brood strength. 
Taking the value for 1923 as 100, the others vary from as high as 
150 in 1933 to as low as 0*1 in 1926, 



SOME ASPECTS OF TIN RESEARCH 

By C. O. bannister. M.Eno., Assoc.R.S.M., F.l.C. 

Henry Bell Wortley ProffitKor of Metallurgy in the University of Liverpool 

The wide range of research work on matters in which metallic tin 
is the most important factor is shown up by the recent publications 
of the International Tin Research and Development Council, of 
which Series A, Nos. 46-72, are at present under review. These 
publications have, for the most part, been previously presented to 
various societies and constitute convenient reprints which may be 
obtained free of charge from the (Joimcil. 

Tinplate is of special importance and No. 66 describes a magnetic 
and an electromagnetic method for measuring the thickness of tin 
coatings on steel. The force required to pull a magnet away from 
a tinplate sheet at a given point depends on the thickness of the 
tin coating at that point. A magnetic instrument has been con 
structed for measuring this force and thus indirectly the thiokness 
of the tin at a point; it provides a rapid means of mapping the 
contours of the whole surface of a tinplate to an accuracy of a 
1/100,000th inch. 

Matters connected with the porosity of the tin coating have 
been investigated, and No. 69 reports on the variation in thickness 
of the tin coatings of tinplate and shows a definite relationship 
between porosity and tliickness of coating. This is of importance 
in connection with accurate specification for various purposes and 
enables the value of any process improvements to be accurately 
assessed. The explanation of the processes of pore formation is 
dealt with in No. 64, which considers surface tension and viscosity 
phenomena in tinplate manufacture. During the manufacture, 
there is a short period, when molten tin and grease films are draining 
off the sheet, during which there are local effects responsible for 
the formation of normal and potential pores. When, for any 
reason, there is a small non-reactivo spot on the steel sheet the 
layer of molten tin tends to bridge it, but when the spot is over a 
certain size the film of tin breaks and forms a pore. Potential pores 
are formed when the drops of grease collecting from grease lines 
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during the drawing of the sheet form cups in the tin ooating suf¬ 
ficiently deep to expose the tin-iron compound beneath. No. 52 
deals with the electro-deposition and polishing of thin coatings of 
tin on steel and also on the effect of deformation on the protective 
value of hot-dipped and electro-deposited tin coatings on steel. 
In the first part, the Council’s patented process of electro-depositing 
tin on tinplate is investigated, and it is found that the composite 
tin coating has only one-tenth to one-twentieth the number of pores 
present in the hot-dipped coating of equal thickness. Tinplate also 
offers economic advantages over steel sheet as a base for nickel or 
nickel-chromium plating. In the second part, of this report it is 
pointed out that the fabrication of tinplate involves operations in 
which the steel base is deformed beyond its elastic limit and the tin 
coating is generally broken. The average increase in number of 
discontinuities as a result of deformation has been found for various 
grades, and this increase is much less in the oomix)8ite coatings 
obtained by electro-deposition. 

Work has been continued on the fundamental properties of tin 
and tin-base alloys and the influencie of the orientation of two 
crystals on the mechanical effect of their boundary is reported in 
No. 68. It is concluded that the boundary itself' has no inherent 
strength and that the evidence obtained is against the existence of an 
** amorphous layer ” or intercrystalline cement ” at the boundary. 

In the investigation of tin and its alloys, the microscopical 
examination of sections is much used, and although the technique 
of preparing hard metals for this pur}X)se is well established, diffi¬ 
culties arise when it is applied to soft metals such as tin. Improved 
methods of mounting and special refinements in polishing and 
etching have been devised, and are reported in No. 47. The 
systematic study of the effects of alloying on the properties of tin 
has been accompanied by a corresponding investigation of the 
constitution of some of the alloys thus produced. In the ternary 
oadmium-antimony-tin alloys the correlation between structure and 
properties has been particularly complete and is reported in Nos, 61 
and 62; tliis work makes it possible to select alloys amenable to 
heat-treatment and to determine the best conditions under which 
heat treatment can be applied. While this branch of the work has 
been concerned mainly with the addition of common metals to tin, 
exploratory work has been carried out on the effects of adding small 
amounts of rarer metals to tin. No. 60 deals with the alloys of tin 
with germanium and beryllium respectively, and the results obtained 
indicate that these alloys do not possess any properties that cannot 
be attained with equal readiness by using less-expensive elements. 
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Tin-base bearing metals have received considerable attention 
and No. 57 deals with the mechanical properties of some white 
bearing metals and other tin-base alloys at various temperatures. 
This paper gives data about tensile and Brinell tests on various 
bearing metals and on alloys made by adding cadmium in varying 
proportions. Up to 3 cent, addition of cadmium causes an 
improvement in strength and hardness but above this amount these 
advantages are offset by loss of ductility. The extra strength due 
to the cadmium addition is retained by the alloys when heated, 
although these alloys, like nearly all the others examined, lost a 
definite proportion of their tensile strength when raised to a certain 
temperature. Alloys of tin, copper and cadmium without antimony 
do not appear to have any particularly useful properties which cannot 
be obtained more easily in other alloys. Owing to the fact that the 
t/emporature of bearings may be much above that of the ah* when 
working, it was decided to examine the tensile behaviour of typical 
tin-base bearing metals at temperatures up to 176® C. and to ascer¬ 
tain the effects of additions of lead and cadmium. No. 68 rejwrts 
that as tlie temperature rises the maximum stress and yield point 
fall fairly uniformly, while the values for elongation and reduction of 
area increase. Cadmium markedly improves the tensile strength of 
the alloys when cold, but is of little benefit when they are hot, and 
the effect of 4 per cent, of lead, although slightly beneficial when 
cold, is reversed at the higher temperature. 

The design and construction of a special interferometer apparatus 
for the examination of the elastic behaviour of soft metals, such as 
tin and its alloys, under the necessarily small stresses which can be 
applied to them, is described in No. 60. 

Research work on pewter has been conducted along two main 
lines—the study of the alloys used at present and the development 
of new alloys. The effects of cold work and annealing on the hard¬ 
ness of some tin-antimony, tin-antimony-copper and tin-antimony- 
silver alloys are given in No. 63. Three alloys of tin with antimony 
in the proportions of 3, 6, and 7 per cent, were investigated without 
and with the addition of copper or silver in substitution of part 
of the tin. All the alloys were hardened by moderate cold roUing 
down to 40-60 per cent, of original thickness, but further rolling 
softened them, the softening becoming more pronounced with the 
higher proportions of copper and silver. Annealing caused further 
softening in most cases, but some of the copper and silver alloys 
which had been severely worked improved slightly in hardness. 
Various quenching and ageing treatments were tried but were with¬ 
out permanent effect. 
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The corrosioii of tin in aqueous solutions and in oils has been 
jEurther studied. It is known that tin is attacked fairly readily in 
strong acid or alkaline solutions, particularly in the presence of 
atmospheric oxygen. The greatest interest lies in the behaviour 
of tin in nearly neutral solutions, which are typical of the conditions 
in many kinds of canned foods, dairy products, tap water and other 
substances with which tin usually comes in contact. This matter 
has been studied with special reference to the behaviour of the 
oxide film and the influence of different anions and cations. The 
results are given in No. 63. In this, the attack of solutions of the 
alkali metal salts of many anions and of the chlorides of a few 
cations has been studied electrochemically. Repair of the pre¬ 
immersion film takes place first owing to anodic oxide formation 
within its pores, but when the anodic metal at the base of the pores 
becomes sufficiently polarised, due to deficiency of hydoxyl ion, a 
sufficient proportion of soluble stannous ion may be formed there to 
give undermining and breakdown of the film. The consequent 
increased anodic oxide formation then produces a black spot at the 
jx)int of breakdown. Black spots are formed on tin by salt solutions 
which give no precipitate with stamious ions but not by solutions 
giving stable precipitates since with these undermining cannot occur ; 
of the anions studied, chlorides give the most attack. Concentrated 
chloride solutions give more rapid breakdown than dilute. Indirect 
evidence has been obtained that the rate of oxidation of freslily 
abraded tin is very rapid for the first few minutes, but becomes 
relatively very slow after about six hours. 

With regard to oils, it is known that bearing metals of different 
kinds are corroded to a greater or less extent by lubricating oils. 
To obtain exact information on this subject, the interaction between 
tin and oils has been studied and compared with that of copper, 
lead, antimony and other metals which are of interest in connection 
with the lubrication of bearings. The results are given in No. 61 
and were obtained by an optical method based on the increase of 
light transmission of thin metal films caused by the decrease of 
thickness due to corrosion. The experiments demonstrated the 
superior corrosion resistance of tin, which was shown to be due to 
the formation of a protective film at its surface. Simultaneously, 
the influence of the different metals on the deterioration of the oils 
has been studied. It is shown that oxidation of the oil and the 
formation of sludge are stimulated by copper, but that tin, and to a 
less extent lead, act to the reverse direction. If the oil is in contact 
with copper and tin together, the acceleration of oxidation due to 
oopper is compensated by the retarding effect of tin. It appears 
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that the visooBity, siirface tension and acidity of the oil are not 
influenced by the metal present. Oils stored in open cans for some 
months before the test were decidedly more corrosive than oil fresh 
from a sealed can. 

The possible methods for protecting or improving the corrosion 
resistance of tin have received attention and it is known that the 
protective oxide film may be strengthened by anodic treatment, 
by methods similar to those employed in the ‘‘ anodising of alumin¬ 
ium. Recent results are given in No. 48, which show that a black 
film may be produced on tin, pewter, tinplate and other tinned 
ware by anodic treatment in certain aqueous solutions. By stopping- 
ofF parts of the tin surface, decorative effects can be obtained. The 
black films have a jjleasing appearance and protect the underlying 
metal from atmospheric tarnishing ; their protective action against 
chemical reagents has not yet been fully assessed, but is probably 
not great. 

In connection with the uses of compounds of tin, one of the 
oxides (stannic oxide) has long been used in vitreous enamels to 
produce a dense, white, porcelain appearance. In recent years 
there has been a tendency to rejjlace stannic oxide by a number of 
substitutes that produce a similar effect. This has shown the 
necessity for examining scientifically the claims of stannic oxide, 
and No, 05 reports the results of such examination. Experiments 
on thirty kinds of enamels of different composition show the all¬ 
round superiority of stannic oxide. This oxide is outstanding, not 
only in its opacifying power, but also in its influence on other proper¬ 
ties of the enamel, such as bending strength, resistance to thermal 
shock, resistance to attack by acids, behaviour on overfiring and 
coating power. Although some of the substitutes are satisfactory 
in some of these respects, none of them can compare with stannic 
oxide in all respects. Another important result of this research 
is to show that the effect of stannic oxide can be enhanced by 
suitable choice of composition of the enamel. 

The analysis of tin and tin alloys has received a certain amount 
of attention and No. 46 deals with the development of spectrographic 
methods for determining small quantities of aluminium, cadmium 
and zinc over the range 0 001 to 1*0 per cent, in tin. Spark spectra 
are recommended for routine determinations of these impurities. 

A rapid method for determining the amount of cadmium in tin 
is described in No. 65. This method is based on the fact that when 
tin or tin-rich alloys are heated to 700-730° C. in a vacuum, any 
cadmium present volatilises, leaving the tin, and the cadmium 
content is determined by direct loss of weight. 
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MATHEMATICS. Hy J. H. C. Whitehead, M.A., Balliol College, Oxford. 
The Theory of Groups : II.—Starting with the definitions and 
general theorems described in the first article, the theory of groups 
falls under two main headings. One is the “ pure ” or “ abstract ” 
theory, which is only concerned with the algebraic structure of a 
group. In other words it is the theory of the multiplication table. 
The second is the theory of continuous groups which, in addition 
to the multiplication table, have some geometric structure. For 
example, a rotation about a fixed point in a plane may be repre¬ 
sented by a point on the circle ^ 1 (2 — a; + ly), and the resultant 
of two rotations Zi and 2 , as the product 2 i 2 ,. Thus the group of 
rotations in a plane has the intrinsic geometric structure of the 
circle \z\ — 1. 

A pure group, which is sometimes called an abstract or a discrete 
group, may be defined by a system of “ generators between which 
there are certain relations.'’ Any product of the generators 
determines an element of the group, with the understanding that 
different products may represent the same element. I will describe 
some of the theorems and difficulties in the theory of discrete groups, 
d^ned in terms of generators and relations, starting with one of 
the most primitive branches of mathematics, namely, the theory of 
free groups. 

We start, not with abstract elements, but with a set of symbols 
called generators^ and finite products of 
generators, called words. It must be understood that the term 
“ word ” has its ordinary moaning relative to the ‘‘ alphabet ” 
consisting of the generators. Thus ai and are distinct 

words. However, we include among our words the “ empty word,” 
having no letters, which we write as 1. K Wi and W* are any 
Avords, the word WiWi may be thought of as the product of Wi 
and W, and W^W, - or W* if W« = 1 or - 1. Let 
Wi « AB, where A and B are any words, and let W® «= 
where e » ± 1 and = a^. The transformation Wi —► W like¬ 
wise W|, is called an elementary transformation, and two 
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words Wi and are said to be equivalent if they are related 
by a chain of words Wi, W„ . . W^, such that is 

obtained from by an elementary transformation. The relation 
of equivalence is obviously symmetric and transitive, and it follows 
that the equivalence classes are mutually exclusive, two words 
belonging to the same class if, and only if, they are equivalent. If 
U is any word we may, for the time being, denote the class containing 
U by [U]. If Ui —> U* is an elementary transformation of a 
word Ui it is obvious that UiV —►U 2 V is an elementary trans¬ 
formation of UiV, where V is any word. Using the symbol of 
congruence to denote equivalence between words, it follows induc¬ 
tively that U*V ^ UV if IJ* U. Similarly ^ U^V if 

V* ^ V, whence U*V* ~ UV if U* = U and V* ~ V. 

We are now in a jx)sition to define the group. As elements of 
the group we take these equivalence classes. We have seen that the 
class [UV] is a single-valued junction of [U] and [V], and we take 
[UV] to be the product of [U] and [V]. The multiplication so defined 
satisfies the associative law. For if the word ABC is a representative 
both of the element [AB][C] and of the element [A][BC], the 
element [1] clearly satisfies the requisite conditions for the unit 
element and we take [a/»a// . . . — ± 1) to 

be Then the conditions for a group, given 

in the first article, are all satisfied and the group so defined is called 
the free group, freely generated by the given set of generators. Except 
when it is necessary to emphasise the distinction between words 
and classes of words we may omit the square brackets and refer to 
the element W when, strictly speaking, we mean the element of 
which the word W is a representative. 

In an account of free groups one would naturally place first the 
theorem that there is one, and only one, reduced word in any equival¬ 
ence class, a reduced word being one which contains no consecutive 
pair of generators of the form This theorem provides a 

criterion for deciding whether or no two words represent the same 
element. For one has only to reduce each word by cancelling 
consecutive generators a^af*, and the two words represent the 
same element if, and only if, the reduced words are identical. 

Another theorem is that any sub-group of a fiee group is a free 
group (i.c. is freely generated by a suitable sub-set of its elements). 
This was first proved by a fairly heavy algebraic argument. How¬ 
ever, a very simple topological proof has since b^n discovered, 
depending on the following facts. First, any free group can be 
represented geometrically as the fundamental group (see an earlier 
article, Topology I) of a linear graph (1-dimensional complex); 
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secondly, the fiindamental gronp of any (connected) linear graph 
is a free group ; thirdly, any sub-group of the fundamental group 
of a complex K, is the fundamental group of a “ covering complex ” 
of K, meaning a complex fil which can be mapped on K by a con¬ 
tinuous transformation which is (1 — 1) in some neighbourhood of 
every point. The theorem now follows at once from the fact that 
if K is a linear graph so is 

Another class of theorems have to do with the automorphisms 
of a free group. If in every word we replace the letter by a^o^' 
and Oj~* by for fixed values of i, j and e {j 4=»)» it can 

easily be verified that the resulting transformation of words deter¬ 
mines an automorphism of the group. Similarly an automorpliism 
is defined by substituting (o/a<)=*^* for and also by substituting 
for Oj and for for some fixed t. It has been proved 
that any automor})hism of the group is the resultant of a sequence 
of such “ elementary ” automorphisms. By a somewhat com¬ 
plicated geometrical argument a criterion has been established for 
deciding whether or no there is an automorphism which transforms 
one of two given sets of elements into the other. 

A discrete group in general is defined in much the same way as 
a free group. We start with a system of generators a,, Oj“*, 
o,'*, . . ., and relations 

R, = 1. R. - 1, . . . 

The elements of the group and the multiplication is defined as 
before, except that a transformation of the form UV —► UR,'V, 
or its inverse, is now included among the elementary transformations. 
The gronp so defined is the factor-group P/F#, where F is the free 
group, freely generated by Oi, ai~^, . . . and F, is the smallest 
invariant sub-group of F which contains all the elements Ri, R„ .... 

Starting from this definition one is immediately confronted with 
a series of extremely difficult, and hitherto unsolved, problems. 
For example, one of the first questions which arise is, “ How can I 
decide whether or no two given words represent the same element 
of the gronp ? ” This is the so-called “ word-problem ” and, except 
in certain special oases, the answer is unknown. Again, one cannot 
tell, in general, whether or no two ^ven groups, even if defined by 
finite systems of generators and relations, are isomoiphio. Indeed, 
one cannot even tell whether or no a given group contains elements 
other than the unit element. One seemingly smaU, but neverthdess 
important, advance has been made in case there is but a single 
relation, other than the “ trivial relations ” — 1, = 1, 

.... This k the so-called Freiheitsatz,” which states that, if 
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the relation is R = 1, and R, when expressed as a reduced word, 
contains the generator or its inverse, then the sub-group generated 
by the remaining generators is a free group. In other words, no 
relation between the remaining generators is a consequence of R » 1. 
By a somewhat similar type of argument to the proof of tliis theorem 
one can solve the word problem fur such groups. 

The geometrical structure of a continuous group, (3, can be 
described in various ways, of which one of the simjJest is to require 
that G is a metric space in the topological sense. This means that 
a real number d {x, y) — 6 (y, tr), called the distance between x and 
y, is associated with every pair of elements (a:, y), and the function 
6 (x, y) satisfies the conditions 

(1) d (x, x) = 0, d(x, y) > 0 if a: 4: y, 

(2) d (x, y) + d (y, z) :^d (x, z). 

Continuity can be defined in terms of this distance as in the theory 
of a single real variable. In particular, a function y = / (a^i, . . ., 
where x^ • *ar^^and y are elements in G, is continuous if d (y, y') <C e, 
for a given positive e, provided d{x^, x\) p, for some positive p, 
where y' = f (x\, . . . x\)» With this understood we require the 
product ary, of two elements in G, to be a continuous function of 
X and y. 

Many theorems concerning continuous groups have to do with 
the fact that the group G can be represented in tw^o ways as a group 
of transformations of G into itself. For if a is a fixed, and x a 
variable element in the group, the equation y ax determines a 
transformation T^^ of G into itself. Clearly T^*^ has an 
inverse, namely, T^_i^. The resultant of T^^ followed by T^,^ 
is the transformation 2 = 6y = bax and is therefore Thus 

where we write for the resultant of 

T„'^ followed by Tj,+. Therefore these transformations form a 
group. Moreover, Tg"^ =|= unless a = b. For a ~ b if 

ax = bx. Therefore the correspondence a —>■ T^"*" is an isomorphism 
of the group G on the group of transformations T„+. A similar 
argument shows that the transformations of the form y — xa, 
which we denote by T„~, form a group, and that T„~ Tj,“ ~ T^~, 
where we now write T^" Tj,~ for the resultant of T„~ followed by 
Tj,~. Each of these groups is simply transitive, meaning that 
there is a unique transformation Tg"*" and a unique T„“, given by 
a — po and a — »«“V« respectively, which transform a given 
element x^ into a given y,. We call T„+ and T^" (+) — and 
(±) — translations. 

With these two groups are associated two kinds of “ paral¬ 
lelism.” We define a “ vector ” as an ordered pair of elements 
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(«•, Xi), which ate analogous to the initial and final points of a 
vector in Euclidean space (not to the two components of a vector in 
a plane). Two vectors (x#, Xj) and {y^, yi) are said to be (+) — 
parallel if they are equivalent under the group of (+) — translations. 
That is to say, they are equivalent if the (+) — translation x# —► y, 
also carries Xj into j/, ; i.e. if y, = y^xi'^x ^; i.e. if y# “* y, = 
Xo“^x,. This condition is satisfied if Xi^x, a and yi—yoO, 
where a is any element in G, for we then have Xo“^ Xi = yo~*yi — o. 
Thus an alternative construction for (+) — parallelism is to apply 
T„“ to every element. Then the vectors (x, xa), for a fixed a and 
variable x, are all (+) — parallel. For the definition and similar 
discussion of {—)—parallelism we have only to interchange + 
and —.with the consequent modifications {e.g. yiyo”* = Xi Xo"^ 
as the condition for (—) — parallelism) in what we have jtist written. 

If the group G is commutative (i.e. ii xy — yx for every x and 
y) the (+) and the (—)—translations and parallelisms coincide, as 
when G is the group of translations in Euclidean space. The first 
example to be discussed, in which the group is non-oommutative, 
was the “ Clifford parallelism ” in (real) elliptic 3-space, which is 
the space of the group of rotations in Euclidean 3-spaoe. Let us 
describe the two systems of generators of the absolute (a fixed 
quadric with a real equation but no real points) as the (±) — systems. 
The generators occur in complex conjugate pairs, since the equation 
of the absolute is real, and conjugate generators do not intersect, 
since the absolute has no real points, and so belong to the same 
system. Therefore there is a unique (real) line through any (real) 
point P, which meets each of two given conjugate generators in the 
(±) —system. Keeping the generators fixed and varying P we 
have a congruence of lines which we describe as (±)—parallel to 
each other. Moreover, any real line meets the absolute in two 
complex conjugate points and the generators in either system 
through these points are conjugate. Therefore there are two lines 
through any point which are respectively (-I-) and ( — )—parallel to 
the given line. The (±) ~ translations are the real projective trans¬ 
formations which leave the absolute and each (±)—generator on 
the absolute fixed. Cleariy any line is carried by a (±) — translation 
into a ( -j- ) —parallel line. Moreover, any (-f-) —translation leaves two 
generators unaltered and, since the translation is a real trans¬ 
formation, these generators are conjugate. Therefore each one of 
a certain family of (—)—parallel lines are unaltered by any (-f) — 
translation. 

A e3rBtematio account of discrete groups is to be foimd in a book 
by K. Beidemeister (EinfOhrtmg in die hmdnnatoriache Topdlogie, 



SCIENCE PEOCBBSS 


76 

Brunswick, 1932). The theorem that any sub-group of a free 
group is a free group was first proved by O. Schreier {Abhavid. auB 
dem Math. Sem.^ Hamburg, V, 1927). Various proofs of this theorem, 
including the one I have outlined, are to be found in Reidemeister’s 
book. The theorem that any automorphism of a free group is 
generated by elementary automorphisms is due to J. Nielsen {Math, 
AnnaUn, XCI, 1924), and the test for equivalence of sets of elements 
under the group of automorphisms was given in a pa|X)r of mine 
(AnnaU of Math,, 37, 1936). The “ Freiheitsatz ’’ and the solution 
of the word-problem for groups with a single relation are due to 
W. Magnus {Journal filr die r,u,a. Math., 163, 1930, and Math. 
Annaleu, CVI, 1932). The abstract theory of continuous groups, 
in which a continuous group is taken to be a topological space with 
a continuous multiplication table, was initiated by O. Schreier 
(Hamb. Abh., 4, 1926). The (±)— parallelisms were first studied in 
the space of a lie group, meaning that the geometrical structure of 
the group is that of an analytic manifold and the product xy is an 
analytic function of x and y. The group G then has an infinitesimal 
geometry and the parallelisms were first studied by the methods of 
tensor analysis. However, it is worth noticing that the definitions 
and elementary theorems do not depend on these additional 
assumptions. Indeed, they may be considered as belonging to the 
algebraic part of the theory, since they do not even depend on the 
continuity of G, only on the multiplication table. The parallelisms 
in elliptic space were discovered by W. K. Clifibrd {Collected Papers, 
Paper XX). There is a good account of them in F. Klein’s 
collected works (Vol. 1, Paper XXI). 

ASTRONOMY, liy A. Hunter, Ph.D., F.K.A.S., Royal OImw rvatory, 
Greenwich. 

The CLAssrriCATiON of Stkllab Sfectra. —^The spectra of the stars 
were first observed more than a century ago by Fraunhofer, whose 
name is still associated with the characteristic absorption lines in 
the solar sjjectrum. Enough data had accumulated by the middle 
of the nineteenth century for the early and very rough classification 
of stars by their colours to be replaced by a more precise division 
into four “ types ” of spectra. Nobody who has ever invited two 
people to describe the colour of the same star can doubt that tbia 
was a major step forward in the problem of olassifioation. Over 
99 per cent, of all known stellar spectra consist of absorption linim 
or bands ciossing a background of continuous emission. Piesent- 
day theory attributes the continuum to an incandescent photosphere 
and the absorption to the atoms and molecules existing in the 
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relatively cool outer atmosphere. The earlier classification, by 
colour, dealt in essence with the photosphere, since colour is merely 
a matter of the relative intensity of the continuum at different 
wave-lengths. Secohi’s classification into four types, however, is 
based entirely on the absorption lines and bands, and therefore 
refers to the stellar atmosphere. 

Since his time, the examination of thousands of spectrograms, 
mainly at Harvard, has shown that any division of stellar spectra 
into watertight compartments is unreal; the great majority can 
be arranged in the well-known sequence 0,B,A,F,G,K,M,N, the 
number of divisions in the sequence being a matter purely of con¬ 
venience, and not of physical significance. This Harvard classifi¬ 
cation, embodied in the latest form of the Henry Draper CataJogw 
{Harvard Annals, 91 to 99, 191&-24), is still in general use. It 
assigns to any given spectrum its place in the sequence according 
to the prominence or otherwise of certain selected lines or bands. 
This work has gone a long way towards removing the distinction 
noted above between the two kinds of classification, viz. by the con¬ 
tinuous spectrum and by the absorption lines. Broadly speaking, 
a similar sequence could be arranged if a colour basis of classification 
is used. Obviously, though, the recognition of absorption lines is 
a far easier process than the measurement of continuum intensities 
at different wave-lengths. This latter does, in fact, involve an 
experimental technique which is prohibitively laborious for mere 
classification purposes. 

It would be difficult to over-estimate the importance of the 
Drajier classification to astrophysical research. It is a tribute to 
the prescience of Pickering, Miss Cannon, and the other workers 
at Harvard that the system has survived unchanged in principle 
since the end of the last century. Modifications have taken the 
form mainly of refining the sequence by what is in effect a system 
of decimal subdivision of the main types. The International Solar 
Union in 1013 adopted the Harvard system exclusively, and its 
successor, the International Astronomical Union, in 1922 could 
suggest only secondary additions, the chief of which recognises the 
distinction between giant and dwarf members respectively of a 
single type by prefixing the letters “ g ” or “ d.” Since then other 
minor peculiarities have been internationally recognised. 

Let us tom now to the physical implications of the classification. 
The fact that a linear sequence suffices for the great majority of 
steUar spectra suggests that the most important differences between 
the spectra can be traced to the variation of a single physical para¬ 
meter. There is no doubt that this is the temperature of the steUar 
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atmosphere. The other major diflferenoes, those between g and 
“ d spectra, are due to the differences of absolute magnitude, i.e. 
of surface gravity. Minor dififerences such as are represented by the 
83 rmbols k ” for interstellar lines, n ’’ and ‘‘ 8 ” for nebulous and 
sharp lines resj>eotively, relate to characteristics which are not par¬ 
ticularly relevant to the study of stellar constitution. Broadly, then, 
the Harvard system represents stellar spectra as controlled by two 
main physical characteristics, viz, temperature and surface gravity. 

Until quite recently the adequacy of the Draj^er Catalogue had 
not been called into question. The development of large telescopes 
of great light-gathering power, however, has given impetus to the 
more detailed study of stellar spectra. High-dispersion spectro¬ 
grams of the brighter stars are now being subjected to an intensive 
scrutiny which is bringing to light joints in the armour of the Harvard 
system. Attempts have been made to refine still further the decimal 
subdivision of the classes, in some cases even hundredths of a 
spectral class being distinguished. If it were accurately true that 
the spectrum of a star could be fully described by specifying two 
physical parameters, such as temperature and pressure, there seems 
no reason why such subdivision should not be successful. In fact, 
though, as Curtiss has shown {Handbuch d, Astrophysiky 5, 100, 
1932), it leads to contradictory results at different observatories, 
or even at the same observatory if different criteria are used for 
distinguishing between the subdivisions. The idea of a system in 
which a spectrum can be described by giving numerical values to 
a limited number of physical attributes holds such attraction, how¬ 
ever, that the subject has been examined in detail by 0. Struve 
{Aatrophys, Journ., 78, 73, 1933) and by Russell, Payne Gaposchkin 
and Menzel {Asirophya, Journ,, 81, 107, 1935). These authors 
attack the problem from somewhat different standpoints, but though 
critical of the Harvard system, are all chary of recommending any 
basic modification of it. Still less do they suggest its abandonment 
in favour of a more satisfactory classification. 

The trouble is this. In classifying stellar spectra as they did, 
the Harvard observers were actuated solely by practical motives. 
Each type of spectrum was distinguished from its neighbours in 
the sequence by the most conspicuous points of difference between 
them. Now these points of difference are not the same throughout 
the sequence, nor do they correspond to fundamental physical 
characteristics. For instance, in A and F stars the criteria used 
are the intensity ratios of the H and Ca'*' lines, in G stars those of 
the H and Fe lines, whilst in the later classes the emphasis is laid 
on band intensities. That these criteria are heterogeneous does 
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not worry the praotioal man. He looks, naturally enough, for the 
most obvious oharaoteristios on the plate in front of him, and 
classifies his spectra accordingly, though he probably suffers twinges 
of conscience when he gets a different classification by using sub¬ 
sidiary criteria. But equally naturally, this procedure draws the 
fire of the theoretical astrophysicist. He would prefer a classifi¬ 
cation based on the most fundamental physical properties of the 
stars, the fewer the better. The spectrum of a star, he points out, 
is determined au fond by the physical processes involved in the 
passage of radiation from its intensely hot interior through the outer 
layers of its material. Any of the factors determining these pro¬ 
cesses—^the effective temperature, say, or the level of ionisation in 
the atmosphere—would provide a more logical basis of classification 
than the multifarious discriminants used at present. 

Unfortunately, however, the matter is not so simple as it sounds. 
Such parameters as these are not directly observable. The spectrum 
actually obtained is doubtless a comphcated function of many of 
them. To disentangle them would involve appealing to any of 
several contradictory theories, none of which can yet be regarded 
as on safe ground. What it comes to is that we cannot have our 
cake and eat it: the two forms of classification are at present 
mutually exclusive. If we want to use observable parameters 
which are convenient in practice, we are forced back to the criteria 
already employed in the Harvard system, or at least to ones so 
closely allied to them that they give effectively the same result. 
Conversely, if we want fundamental parameters, we must put up 
with their inherent practical disadvantages, and be prepared for 
inconvenient revision of our classification with expanding knowledge. 

It is not to be supposed, however, that the matter is entirely 
a quarrel between the praotioal astronomer, fanatically supporting 
from his observatory an empirical classification of dubious theoretical 
significance, and the mathematician, equally staunchly insisting 
from his armchair on an impracticable basis for a new olassifioation. 
None realises better than the praotioal man the disadvantages of 
a system which, for example, takes no account of line profiles, the 
study of which is of great and increasing importance in astrophysics ; 
or which at different points in the sequence places first on one 
parameter and then on another the burden of discriminating between 
neighbouring types. On the other hand, the theorist, though he 
is perfectly justified in pointing to the evidence we have that two 
stars with, say, the same effective temperature and the same absolute 
magnitude will exliibit practically the same spectra, is by no means 
blind to the defects of a system of olassifioation based on these two 
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parameters. If the spectra of any group of stars are to be specified 
merely by attaching the appropriate numerical values to these 
attributes, we must first be satisfied that the stars have the same 
constituents in the same proportions in their atmospheres, that 
turbulence affects them aU to the same extent, that they are aU 
rotating at the same speed, that interstellar absorption is the same 
for all, and so on. Until the effects of these factors and many 
others on which the final spectra must be supposed to depend are 
better understood, it would be a false move to depart from the 
present well-established empirical system, however much its lack 
of homogeneity may be deplored. 

There remains the possibility of refining the Harvard system as 
it stands. Mere subdivision, as we have seen, has gone as far as 
it profitably can. Any further improvement must probably come 
as the result of a guarded appeal to theory—not this time to furnish 
a new basis for a reconstructed classification, but simply to point 
out the most likely lines along which to extend the present one. 
Russell and his collaborators list 13 “ prerequisites for a definitive 
classification.” Amongst the more important may be mentioned 
the following : an exhaixstivc survey of representative spectra from 
3000 A. to 9000 A. on high-dispersion spectrograms; accurate 
measurements of line profiles, central intensities, and equivalent 
widths, made in conjunction with theoretical studies of the mecham 
ism of line formation ; and an extended study of the chemical 
constitution of stellar reversing layers. Such a programme will 
evidently keep astronomers busy for years, but when the inform¬ 
ation does become available, there will undoubtedly exist grounds 
for reviewing the situation again. Stellar spectra are intimately 
related to so many other characteristics of the stars that an accurate 
system of classification is rightly regarded as indispensable. 

It should perhaps be emphasised here that there is no question 
of modifying the Harvard system where statistical work on low- 
dispersion spectrograms is concerned. Here the Draper classifi¬ 
cation seems likely to remain supreme. It is only for the most 
detailed work that its adequacy is doubted. Even then its critics 
admit that modifications must be made with caution and as a 
result of knowledge which we are still in process of acquiring. We 
can evidently conclude that the Harvard system comes through its 
present test with flying colours. 

Tbrbbstbial Effects of Soij^b Disturbances. —^We are per¬ 
haps fortunate that our Sun is such a well-behaved member of the 
stellar universe. Life as we know it, for instance, would not long 
survive any sudden decision on its part to exhibit, say, Oepheid 
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variability, or to become a nova. Careful observations made at 
the Smithsonian Institution do indeed show that the so-called solor 
ccnatant, i.e. the rate at which radiation falls on unit area of a 
surface held normal to the sun’s rays just outside the earth’s atmo¬ 
sphere, may vary by 2 or 3 per cent, in a few days. Such vcuiations, 
however, though interesting in themselves, are neither large enough 
nor long enough continued to have any practical importance. The 
meteorological effects produced by sunspots, too, are so minute 
that only statistical investigation of masses of data can disentangle 
them from the much larger random variations. Thus although 
there is a certain amount of correlation between the eleven-year 
sunspot cycle and the mean temperature at the earth’s surface, and 
although the amount of tropical rainfall also exhibits a tendency to 
vary in an eleven-year jieriod, such effects are very small. 

The major effects of sunspots on the earth are magnetic. A close 
relation exists between the frequency of spots and those of magnetic 
storms and of auroral displays. The amplitude of the diurnal vari¬ 
ation of magnetic declination follows quite closely the range in 
sunspot numbers. Moreover, the passage of an active spot across 
the central meridian of the sun is frequently followed some twenty 
or thirty hours later by a magnetic storm and a brilliant aurora. 
There seems little doubt that these effects are due to streams of 
electrified particles which are shot out from sunspots and which, 
reaching the earth, affect and are deflected by its magnetic field. 

Within the last three years, however, quite another type of 
disturbance has been discovered, and shown to have terrestrial 
consequences of importance (Journ. of Applied Physics, 8, 709, 
1937). The spectrohelioscope, invented by Hale only some ten 
years ago, has now become part of the equipment of so many 
observatories that almost continuous observation of the sun is 
now possible, given good weather. Chief amongst the transient 
phenomena to the study of which this instrument is so well adapted 
are chromospheric eruptions, in which the brightness of localised 
parts of the solar disc, as observed in monochromatic light, increases 
enormously in a few minutes. These eruptions have been observed 
chiefly in the red light of hydrogen, but the other Balmer lines, 
and those of sodium, helium, magnesium and ionised calcium, have 
also been employed to study them. The typical eruption reaches 
its maximum brightness, which may exceed that of the continuum 
adjacent to the line in which it is observed, some five or ten minutes 
after it has been noticed, and gradually fades completely in the 
next forty or so. It often ooom:s in a disturbed region of the disc, 
and is sometimee but by no means always associated with a spot. 
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Such outbursts are never observable directly, in white light, so an 
ordinary telescopic image of the sun fails to show them, just as it 
fails to show the prominences. 

There is no longer any doubt that with the brighter of these 
eruptions are associated periods of sudden fading in radio trans¬ 
mission at wave-lengths of about 20 metres. These often occur 
a few minutes after an eruption and last about the same time. 
Simultaneous small changes in the earth’s magnetic force—much 
smaller than those caused by sunspots—and earth currents which 
may affect telegraphic communication appear also to be causally 
connected with these eruptions. It is significant that the effects 
reach a maximum at those points on the earth’s surface where 
the sun’s rays are vertical, and disap|>ear on the dark side of the 
earth. The inference is unmistakable. Both the radio and the 
magnetic phenomena must surely be due to electromagnetic radi¬ 
ation travelling from a chromospheric eruption with the speed of 
light, and disturbing the earth’s ionosphere. The fact that the 
eruptions effective in producing radio fading, unlike sunspots causing 
magnetic storms, favour no particular heliographic longitude sup¬ 
ports this view : obviously radiant energy can reach the earth 
regardless of its place of origin on the disc. Radio soundings of the 
ionosphere during an eruption point to the creation of an intensely 
ionised region at the base of or just below the E-layer. To this 
region of improved conductivity must be ascribed the absorption of 
high-frequency radio signals, and the increase in the strength of the 
tidally-induced currents which on Balfour Stewart’s theory cause 
the diurnal variations in magnetic force. The radiation which 
causes this abnormal ionisation is presumably more or less mono¬ 
chromatic ultra-violet emission from the chromosphere. It can 
hardly be continuous Planck radiation from a very hot area of the 
sun’s surface, or else the outbursts would be visible in white light. 

The theory dealing with these phenomena is naturally by no 
means complete. One wonders, for example, why every eruption 
is not effective in producing radio fading. Conversely, if these 
sudden short-wave attenuations are caused solely by solar dis¬ 
turbances—and no other cause is known—why are not all fade-outs 
preceded by chromospheric eruptions ? Answers to such questions 
may be available in three or four years’ time, when observations 
made during the present maximum of solar activity have been 
sifted. In any case, the information acquired will be welcomed 
alike by geophysicists interested in the electrical conditions prevaU- 
ing in the ionosphere, and by astronomers whose chief concern is 
with this unruly behaviour of the solar chromosphere. 
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PHYSICS. By F. A. Vick, Ph.D., University College, liondon. 
Vacutjm Peactiok.—I n these days of thermionios, photoeleotrioity, 
X-rays, etc., there is no need to stress the great importance of 
vacuum technique. Much progress has been made during the last 
ten years, especially since the introduction of the low vapour pressure 
oils and greases (C. R. Burch, Proc. Roy. 8oc., A, 123, 271, 1929), 
and yet the books on vacuum practice published before this period 
(L. Dunoyer, trans. J. H. Smith : Vacuum Practice, 1926; F. H. 
Newman : The Production and Measurement of Low Pressures, 1925 ; 
G. W. C. Kaye : High Vacua, 1927 ; A. Goetz : Physik u. Technikd. 
Hochmcuums, 1926) still remain the standard works. Recent 
information is thus scattered, much of it appearing incidentally in 
papers on other subjects. An account of some of the advances in 
this field may therefore be of service. 

Prior to 1929, mercury vapour diffusion pumps (condensation 
pumps), backed by rotary oil {jumps, were universally used for the 
production of high vacua. The various ty{)e8 are described in 
detail in the books mentioned above and in a general article by 
Dushman {J. Frank. Inst., 211, 689, 1931). The general theory 
of their action is given by W. Molthan {Zeifs.f. Techn. Phys., 7, 377 
and 462, 1926 ; 8, 195, 1927). These {>um{>8 are very efficient, but 
mercury has a vapour pressure at room temperature of 7 x 10"* mm. 
of mercury, so it is quite essential that some kind of trap be placed 
between pump and apparatus. This usually takes the form of a liquid 
air trap. Not only have these tra{)s the drawbacks of the expense and 
constant attention required to keep them cool, but if they are 
designed to be efficient in condensing mercury vapour the effective 
pumping speed is cut down considerably. It will be remembered 
that when the mean free path of the gas molecules is as long as 
the diameter of the connecting tubing, the “ resistance to flow ” is 
proportional to the length of the tubing and inversely proportional 
to the cube of the diameter (see, for example, Dunoyer, loc. cit.). 
It would obviously be a great advantage to replace mercury as a 
working fluid in the pump by one which has a negligible vapour 
pressure at room temperature, and eliminate the trap. As is well 
known, this was made possible by the vaoutun distillation of oils 
by C, R. Burch (loc. dt,), the final products, the “ Apiezon ” series, 
having vapour pressures between 10“* and 10“’ mm. Shortly 
afterwards n-butyl phthalate and other esters were shown to be 
possible substances (Hickman and Sanford, Bev. Sci. Instr., 1, 140, 
1930; Hickman, J. Frank. Inst., 221, 383, 1936). 

However, very soon after these oils became widely used, con¬ 
flicting opinions became evident regarding the highest vacua 



SCIENCE EBOaBBSS 


84 

obtainable without traps, the lowest pressures recorded varying 
between 10 “* (Becker and Jaycox, Rev, Sci. Insir,, 2, 773, 1931) 
and 10 “® mm. (Henderson, ibuLy 6 , 66 , 1935). To short- 
circuit many speculations, we may say at once that these discrepan¬ 
cies can be traced either to lack of homogeneity of pump oil or to 
the errors in the use of gauges which will be discussed later. Even 
the most carefully prepared organic pump oil contains small quan¬ 
tities of heavier and lighter constituents. In ordinary diffusion 
pumps there is a temperature gradient from the hot boiler at the 
bottom to the high vacuum junction above the jets. The heavier 
components of the oil condense near the bottom, the lighter jK)rtionfl 
near the top, perhaps above the jets. The oil which has best oppor¬ 
tunity of diflFusing into the apparatus is thus the most objectionable 
portion. It will be seen that only a small quantity of lighter 
impurity in the oil will make a great difference because a large 
proportion of it will be in the vapour phase. The higher vapour 
pressure constituent is continuaUy augmented by inevitable slight 
“ cracking ** of oil in the pump. The whole problem has been 
examined in valuable papers by K. Hickman (J, Frank, Insi,^ 221, 
215 and 383, 1936), who describes pumj >8 in which the oil is “ self- 
fractionated.'* In effect, such a pump is split into a number of jets 
and reservoirs in series, connected so that the condensate from each 
jet is collected in the reservoir nearest the backing side, leaving 
the lowest vapour pressure constituents nearest the high vacuum 
connection. An interesting extension of this principle has been 
employed by Lockenvitz {Rev, Sci, Insir,, 8, 322, 1937) in the design 
of a six-stage pump using ordinary commercial lubricating oil. A 
final pressure of less than lO*”* mm. without a cooled trap is 
claimed. A further design has been published recently by Malter 
and Marcuvitz (Rev, Sci, Instr,, 9, 92, March 1938). In all oil 
diffusion pumps it seems desirable to provide some sort of baffle at 
the top, in the path of oil molecules moving towards the apparatus 
from the top jet. To quote one example, a combined baffle and 
solid CO 2 trap has been described by More, Humphreys and Watson 
(Rev. Sci, Instr,, 8, 263, 1937), consisting of two concentric brass 
tubes, the inner one being closed at the lower end to hold the solid 
CO 2 , and the outer attached to the head of the pump, with a side 
tube at the top going to the apparatus. Between the tubes are two 
helical ramps diametrically opposed to each other, each making 
one turn in the 12 -inch length of the baffle and reaching to just below 
the side tube. (See also Edwards, Rev. Sci. Inetr.^ 6 , 146, 1936; 
Burch and Sykes, J.I.E.E., 77, 129, 1936.) 

One of the drawbacks of oil as a pump filling is the solution in 
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it of quantitaes of sir and vapours ; indeed, it may be said that often 
the rate of attainment of a vacuum is limited by the rate of con¬ 
ditioning of the pump oil. In many oases it is advisable to have a 
(large) tap between pump and apparatus and keep it closed until 
the pump has “ de-gassed ” its own oil. Such a tap is useful also 
if it is desired to admit air to the apparatus without waiting for the 
pump to cool, because the oil is damaged by exposure to air while 
hot. It is more sensitive to boiler temperature than mercury and 
requires a lower backing pressure. Thus a pump with a large jet, 
using Apiezon A (vapoiur pressure lO"’ mm.), has another diffusion 
pump using Apiezon B (10"®) between it and the backing pump. 
To offset these disadvantages, oil diffusion pumps may, under 
proper conditions, be oj>erated without a cooled trap (but with the 
baffle mentioned above) down to 10"® or 10"* mm. The oil 
wets glass and metal and so does not form globules round the jets ; 
also it does not readily “ bump ” on heating. There have been 
several suggestions for preventing bumping of mercury, for example 
Boddy (Rev. 8ci. Instr., 5, 278, 1934) uses induction heating, while 
others (e.g. Bearden, Rev. 8ci. Instr., 6, 277, 1936) employ immersion 
heaters. 

An imiK)rtant XK>int sometimes overlooked in connection with 
pumping speed is that at about 10"^ mm. the speed of rotary 
pumps has fallen already to perhaps a quarter of the maximum, 
while diffusion pumps have hardly started working, reaching their 
maximum speed at about 10"* mm. Kerris (Archiv. f. Tech. Mess., 
65, 163, 1936) gives speed-pressure curves for these pumps and also 
of a special mercury-jet pump designed to cover the region 0-1 to 
0-01 mm. For the determination of pumping speed see Matrioon, 
J. Phys. Rad., (7), 3 , 127, 1932. 

To return to the problem of measuring the final pressures, an 
ionisation gauge is commonly used. It will be recalled that this is 
similar to a three-electrode thermionic valve, the electrons emitted 
fiom a heated filament being accelerated by a positively charged 
grid, and the positive ion current, resulting :^m collisions with gas 
molecules, collected by a negatively charged electrode. This gauge 
may give false readings when used with an oil diffusion pump for 
two reasons. The lighter constituents of the pump oil diffusing 
into the apparatus may be decomposed at the hot filament of the 
gauge, giving rise to localised high pressure. On the other hand, 
the vapours of pump oils are powerfully adsorbed on clean glass and 
metal surfaces, so tiiat if the gauge has just been baked, oil vapour 
present may adsorb on the gauge walls and connecting tubing, and 
the readings will be misleadingly low. 
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The theory of the ionieation gauge is discussed by MorguUs 
{Phya. Zeita. 8owjet, 5, 407, 1934). It is sufficient here to state that 
below 10~* mm. the positive ion current is proportional to the 
gas pressure and to the electron current, for a given gas and gauge. 
Jaycox and Weinhart have described a carefully designed gauge 
{Bev. Sci. Instr., 2, 401, 1931), but recently most attention has been 
paid to keeping the electron current constant. Jaycox and Wein¬ 
hart used an on-off regulation of the filament current by a mechanical 
relay through which the electron current flowed. Overbeck and 
Mayer {Rev. Sci. Instr., 5, 287, 1934) use a saturated transformer, 
while Hoag and Smith emjjloy a thyratron {ibid., 7, 497, 1936). 

Copley, Phipps and Glasser {Rev. Sci. Instr., 6, 371, 1936) 
describe a small ionisation gauge for detection of molecular rays, 
but this is more the province of the Pirani hot-wire gauge, in which 
advantage is taken of the dependence of thennal conductivity of a 
gas with pressure in the range 10~* to 10~* mm. See Fraser’s 
Molecvlar Rays, pp. 34-41 (1931), and EUett and Zabel, Phys. Rev., 
37, 1102, 1931. An interesting summary of recent improvements 
in gauges is given by Penning {Philips Tech. Rev., 2, 201, 1937). 

To ascend to regions of higher pressures for a moment, there 
have been several attempts to use the new low vapour pressure oils 
in U-tube manometers, but the main trouble is the solution of 
gas in the oil and its subsequent liberation in the closed side. This 
has been removed either by tilting the gauge and degassing the oil 
just before working (Malmberg and Nicholas, Rev. Sci. Instr., 3, 440, 
1932), or even by a miniature pump to evacuate the “ closed ” 
side (Hickman, J. Frank. Inst., 213, 142, 1932). 

The ease with which oil vapours can be adsorbed has been 
mentioned already, and this property has been employed in the 
construction of a trap for use with oil diffusion pumps. In its 
early form (Becker and Jaycox, Bev. Sci. Instr., 2, 773, 1931) it 
consists of activated charcoal, from which the gases adsorbed from 
the atmosphere have been removed by preliminary heating in 
vacuum, placed in a nickel gauze container in the connecting tube 
between the apparatus being exhausted and the pumps. After the 
backing pump has reduced the pressure somewhat, the trap, appara¬ 
tus and gauge are baked together, and when the charcoal has reached 
400® C. the diffusion pump is started. The period of baking may 
be twenty minutes or several hours. The charcoal is cooled down 
just before the current is switched off from the heater surrounding 
the rest of the apparatus, and at room temperature adsorbs 
oil vapours coming from the pump and water vapour, etc., from the 
apparatus as a whole. A pressure of 10~* mm. can easily be 
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reached in this way, without using a refrigerant round the trap. 
At room temperature the trap does not adsorb appreciable amounts 
of mercury vapour. Any oil which is adsorbed on to the charcoal 
is decomposed when the charcoal is heated, and so does not come 
off as oil. Recently, P. A. Anderson {Rev. Set. Instr., 8, 493, Decern* 
her 1937) has described a modification of this trap in which the 
charcoal is heated by passing an electric current through it. Some¬ 
times a charcoal or silica gel trap is placed between the diffusion 
pump and backing pump. For mercury vapour Finch {Ergeb. 
d. Exakt. Naturwiss., 16 , 367, 1937) has used a trap containing 
staggered tiers of tinfoil. 

Returning to liquid air traps, it is sometimes useful to remember 
that the height of refrigerant cooling a trap can be used for regulating 
the (low) pressure in an enclosure, by altering the amount of gas 
and vapour adsorbed (Johnson and Vick, Proc. Roy. Soc., A, 158 , 
60, 1937). 

Another development of the last few years which has had far- 
reaching effects is the improvement of glass to metal seals. Not 
only has platinum been replaced by oopiier-plated nickel-iron and 
other alloys (Scott, J. Frank. Inst., 220 , 733, 1935), but tubular 
seals of large diameter have l>een increasingly successful since 
Housekeeper originally described the joining of copper and glass 
tubes (J. Amer. Inst. Elec. Eng., 42 , 954, 1923). In the latter case 
the edge of the copper is made so thin that on cooling it may be 
plastically deformed without causing the glass to break. (For 
sealing copper to pyrex see Skinner and Burrow, J. Set. Instr., 7 , 
290, 1930.) The development of new chrome-iron alloys has made 
even this precaution unnecessary. A lathe with two chucks is used, 
one holding the chrome-iron tube and the other the glass tube. 
While both are turning, the edge of the metal tube is slightly oxidised 
and glass deposited on the hot edge by hand, from a thin glass rod. 
The edge of the glass tube is then heated, and the two chucks brought 
together (still rotating), the glass-glass seal being made in the 
or^nary way. Such joints are used in large X-ray tubes and 
transmitting valves (van Embden, Philips Tech. Rev., 2 , 306, 1937). 
Much information on glasses and metals used in vacuum work is 
ooUeoted in a recent book by Espe and Knoll {Werkstoffkunde der 
Hochvakuumtechnik, 1936). 

It is obvious that in a short article of this kind it is possible to 
mention only a very few of the developments of a subject in which 
so much ingenuity and thought are being applied. 
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GENERAL AND ORGANIC CHEMISTRY. By O. L. Bbady. 

D.Sc., F.I.C., University College, London. 

CONDBNSATIONS BROUGHT ABOUT BY MaGNBSKTM AND ITS COM¬ 
POUNDS. —Magnesium and its compounds seem to be particularly 
effective in inducing certain condensations to take place and fresh 
examples come to light from time to time. 

Phenylraethylamino magnesium bromide, PhMeN.MgBr, pre¬ 
pared from methylaniline and a Grignard reagent, has proved useful 
in an ether-benzene medium for extending the aldol condensation 
of ketones (Grignard and Colonge, Compi. rend.y 1932, 194 , 929 ; 
Colonge, Compt. remL, 1933, 196 , 1414 ; Colonge, Bull. Soc. chim,, 
1934, [V], 1 , 1101). Previous to the introduction of this reagent, 
ketones containing a tertiary group attached to the carbonyl group 
could not be made to undergo the aldol condensation, but with it 
all ketones condense provided there are not less than three hydrogen 
atoms attached to the carbons contiguous to the carbonyl group. 
Thus, pinacoline yields 2: 2 : 3 : 6 : 6-pentamethylheptan-3-ol-6-one. 

2 CH,.CMo,.CO.CH 3 CHj.CMoj.CMeOH.CHj.CO.CMej.CHj 

4.Methylhexan-3-one, CH,.CH 3 .CO.CHMe.CH,.CH 3 also under¬ 
goes the condensation, but fer/-butylethyl ketone MeaC.CO.CHjMe 
and di-isopropyl ketone MejCH.CO.CHMe* do not. 

Tertiary alcohols cannot be esterified except with great difficulty, 
for example, tertiarybutyl alcohol and acetic acid for 200 hours 
at 155° give only about 7 per cent, of ester ; the addition of dehy¬ 
drating agents or the use of acyl chlorides or anhydrides involve 
difficulties owing to the ease with which the tertiary alcohols lose 
water to give unsaturated hydrocarbons. Spassov (Ber., 1937, 
70 , 1926) has got over the difficulty by adding an acyl chloride 
dissolved in ether to a solution of the alcohol in ether containing 
magnesium powder. Using such alcohols as tertiarybutyl alcohol, 
dimethylethyl carbinol, methyldiethyl carbinol, triethyl carbinol 
and tribenzyl carbinol with acetyl, propionyl, butyryl and isobutyryl 
chlorides, yields of 60-90 per cent, of the corresponding esters were 
obtained ; triphenyl carbinol, however, could not be acylated. 

The author represents the reaction as addition of the alcohol 
to the carbonyl group of the acyl chloride followed by loss of 
hydrogen chloride which reacts with the magnesium. 

< a RgCOv /Cl R.ax 

>C^R' + HC1. 

R' HQ/ \r' 

Magnesium is specific and it cannot be replaced by aluminium, iron 
or zinc. 
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Esters of certain aliphatic monooarboxylic acids, for example, 
ethyl tertiarybutyl acetate, MeaC.CHi.COjEt, do not undergo the 
aceto-acetio ester condensat'on in the presence of sodium ethoxide 
although they contain an a-methylene group. Spielmann and 
Schmidt (J. Amer, Chem. Soc.y 1937, 59, 2009) have found 
that if a 0 2 molecular proportion of mesitylmagnesium bromide, 
MeaCeHjMgBr, is used as the condensing agent ethyl tertiary- 
butylaoetate gives a 32 per cent, yield of ethyl a-y-di-tertiary- 
butylacetoacetate 

2Me»aCH,CO,Et---►Mo 30 .ClI..CO.ClI(CMo 3 ).CO.Et f EtOH. 

Similarly ethyl i^ovalerate gave 51 per cent, of ethyl i^^ovaleryliso- 
valerate and ethyl wobutyrate, 26*5 per cent, of ethyl tetramethyl- 
aeetoacetate. 

Reference may also be made to the work of Hauser and Renfrew 
(J. Amer. Chem. Soc.y 1937,59, 1823), who find that ethyl wobutyrate 
will undergo the aoeto-acetic ester condensation if sodium triphenyl 
methyl is used as the condensing agent. 

When an equivalent of magnesium filings mixed with aluminium 
filings and activated by the addition of a trace of iodine is added 
to a solution of benzaldehyde in toluene a vigorous reaction takes 
place and benzoin is formed ; if insufficient magnesium is employed 
benzyl benzoate is the product (Shornigin, Isagubzantz and Guseva, 
J. Oen. Chem. U.S.S.R., 1934, 4, 683). 

2 PhCHO PhCHOH.COPh 2 PhCHO PhCO,.CH,Ph. 

The binary mixture of magnesium and magnesium iodide brings 
about some interesting reductions in ether (Gomberg and Backmann, 
J. Amer. Chem. Soc.y 1928, 50, 2762). Aromatic acids give iodo 
magnesium salts which are slowly reduced on boiling in ether by 
excess of the binary mixture to compounds which are decomposed 
by water to give benzil and benzoin. 

R.CO,H 2R.CO,H. Mgl„ 2Et,0 

i - r~ 

R.C(OMgI),.C(OMgI),.R R.C(OMgl): C(OMgI)R 
R.Coix).R R.CO.CH(OH).R 

A yield of 43 per cent, of a mixture of benzil and benzoin was 
obtained from benzoic acid. 

Esters of aromatic adds are decomposed by the magnesium 
iodide to alkyl iodides and iodo magnesium salts. These react 
with the magnesium-magnesium iodide mixture to give compounds 
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which with water give benzoins and hydrocarbons. Thus benzyl- 
benzoate gives benzoin and dibenzyl. 

2PhCO,.CH,Ph PhCO.CHOH.Ph + PhCH,.CH,Ph. 

Reduction by Aluminium Alkoxides. —Solutions of the 
alkoxides of aluminium in the corresponding alcohols have been 
found to be valuable agents for the purpose of reducing aldehydes 
and ketones to primary and secondary alcohols. (Verley. Bull, Soc, 
chirn,, 1925 [IV], 37 , 537, 871 ; 1927 [IV], 41 , 788 ; Meerwein, 
Annalen, 1925, 444 , 221 ; J. pr, Chem,, 1936, 147 , 211 ; Lund, 
Ber., 1937, 70 , 1520.) When, for example, an aldehyde is heated 
with aluminium ethoxide, the following equilibrium is set up : 

RCHO 4* CHa.CHjOal ^ R.CH^Oal + CHg.CHO (al - JAl). 

If the aldehyde on the right is more volatile than that on the left 
and is removed together with the excess of alcohol by vaporisation, 
the RCHO is almost quantitatively converted to the aluminium 
alcoholate, which is readily decomposed by water. The aluminates 
of primary alcohols will not reduce ketones, but if aluminium iso- 
propoxide is used both aldehydes and ketones may be satisfactorily 
reduced. The reagent may be easily prepared by dissolving 
aluminium foil in an excess of isopropyl alcohol containing a small 
amount of mercuric chloride, the aldehyde or ketone is then added 
and the acetone and excess of isopropyl alcohol distilled away. 

RR'C - O -f MejOHOal RR'CHOal -f Me,CO. 

The peculiar advantage of this method is that other reducible 
centres in the molecule are not attacked, thus cinnamaldehyde gives 
oinnamyl alcohol 

PhCH : CH.CHO PhCTI : CH.CH,OH, 
the nitrobenzaldehydes give nitrobenzyl alcohols and bromal gives 
tribromethyl alcohol. The yields are good, often over 90 percent., 
and many tyjies of compounds can be reduced, aliphatic and aromatic 
aldehydes and ketones, cyclic ketones, such as cyclohexanone, 
camphor and xanthone and diketones like benzil. Easily enolised 
ketones such as ethyl acetoacetate are not reduced, neither are 
phenolic ketones and ketonic acids whose aluminium salts are 
insoluble in isopropyl alcohol. 

Tetbazotisation of Aryl Diamines. —^The tetrazotisation of 
aryl diamines has always presented difficulties, especially in the 
case of o- and m-diamines ; under ordinary conditions salts of the 
former give when treated with nitrous acid benztriazoles 

.NH,HC1 /N,C1 

o-C^hZ C,H 

\nh, \nh, 
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and the latter aminoazo-oompounds, 8Uoh as Bismarok brown. 

tn.CeH4(NH,), (NH,),.CeH,.N:N.C.H4.N:N.C«H8(NH,),. 

The difficulty of obtaining the bisdiazonium salts prevented the 
employment of the Sandmeyer reaction in many cases where it 
would be particularly useful. Hodgson and Walker (J. Chem. Soc., 
1935, 530) have overcome this difficulty by dissolving the diamine in 
glacial acetic acid and adding the solution gradually at a temperature 
below 30® to a well-stirred solution of sodium nitrite in concentrated 
sulphuric acid. When the solutions were poured into cuprous chloride 
in hydrochloric acid 70 per cent, yields of the dichlorobenzenes 
were obtained. 

Preparation of Diazoamino-compounbs. —^The preparation of 
diazoamino-compounds by the usual methods given in text-books of 
preparative organic chemistry, namely, the action of sodium nitrite 
on a mixture of, for example, aniline and aniline hydrochloride, 
almost invariably gives dark-coloured compounds not infrequently 
mixed with tar. The compounds, however, can be obtained in 
beautiful clear yellow needles by passing a stream of carbon dioxide 
for some hours through an aqueous alcoholic solution of the base 
and two equivalents of sodium nitrite (Le Ffevre and Vine, J, Chem, 
Soc., 1937, 1807). 

PHYSICAL CHEMISTRY. By H. W. Melville, D.Sc., Ph.D., Colloid 

Science Laboratory, Cambridge. 

Reactions in Solids.— Compared with the enormous volume of 
work done on gaseous and liquid systems, experiments on reactions 
in solids would apj)ear to have been avoided by chemists, and for 
a very good reason. The fixed positions occupied by atoms or 
groups of atoms in a crystal lattice preclude their interaction with 
anything but their nearest neighbours. In consequence, reactions 
in solids almost invariably reduce to a study of reactions at solid- 
solid interfaces. The problem is thus much more complicated than 
that in heterogeneous gas reactions because of the immobility of 
the atoms constituting the interfaces. As Bernal {Trans, Faraday 
Soc,, July 1938) has pointed out, there are essentially two types of 
reactions in solids : (a) those in which there is no transfer of matter 
across the interface and (6) those in which matter does cross the 
interface. In the first class are the polymorphic transformations 
which rightly belong to the domain of the X-ray crystallographer, 
since such transformations can most satisfactorily he followed by 
X-ray speotrography. The numerous interesting results obtained 
in the study of these processes tend to show that this simpler type 
of reaction will prove the more amenable to systematic treatment. 
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At present, however, the second class is of more interest to the 
chemist and in this article some account will be given of the progress 
recently made in this direction. 

Dutusion in Solids. —First of all mention may be made of 
some measurements of diffusion in solid systems, in order to empha¬ 
sise the point made at the beginning of the article. That diffusion 
of one solid into another could occur at a measurable 8j)eed was 
shown many years ago by Roberts-Austen in his classical experi¬ 
ments on the diffusion of gold through lead. Expecting that self¬ 
diffusion in lead could be measured just as easily by utilising the 
radioactive isotopes Thorium-B or Radium-D, Groh and Hevesy 
(Ann. der Phymk, 63 , 85, 1920) made the surprising discovery that 
at 165^^ C. the self-diffusion coefficient of lead is 10* times less than 
that of gold in lead, the figures being 1-2 and 5*8 10 “® cm.* 

sec.""^ re8[>ectively. Some indication of the sensitivity of the 
radioactive method for following solid diffusions developed by 
Hevesy and Seith (Z. Physik, 56 , 79, 1929 ; 57 , 869, 1929 ; 79 , 
197, 1932) may be had from the fact that it is estimated that a 
diffusion coefficient of 10“^^* cm.* sec."”^ could be measured. (For 
comparison the diffusion coefficient of the common gases at atmo¬ 
spheric pressure is of the order IC^^ cm.* sec.'^^) With the latter 
value for the diffusion coefficient a molecule would change places 
with a neighbour only 10"* cm. away, once in 100 seconds. The 
sensitivity of the method is due to the fact that the concentration 
of the radioactive isotope in the solid is not measured ; instead, the 
radioactive material is deposited on the surface of the lead and the 
decrease of ionisation with time determined above the radioactive 
lead, allowance being made for the fact that the range of a-partioles 
in lead is 50//. Hevesy (Hevesy and Seith, Z. Elektrochem., 37 , 
528, 1931 ; Hevesy, ibid., 39 , 491,1933) suggested that the relatively 
high mobility of the gold compared with that of the lead was due 
to the fact that the attractive force between gold and lead atoms 
is much smaller than that between two lead atoms. Consequently 
it was anticipated that in metals more akin to lead the diffusion 
coefficient of lead should decrease the more closely that metal 
approached lead in its properties. The experiments of Seith (Z. 
Elektrochem.,39f 33, 1933 ; 41, 872, 1935) showing that the diffnsion 
coefficients decrease in the order silver, cadmium, mercury, bismuth, 
thallium and tin, confirms this supposition. At 250® C. the diffusion 
coefficients for Pb-Au, Pb-Sn and Pb-Pb are respectively 3*5 x 10“"’^, 
1*5 X 10*““, and 5*1 x 10*““, cm.* 860 .““^. The criterion for such 
diffusion to be observed is that the metals form solid solutions. 
Gold just fulfils this condition, the solubility being 0*09 atoms per 
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oent. at the temperatures used for diffusion. A less soluble metal 
would probably diffuse more quickly but a practical risk in the 
formation of a two-phase system would arise. The diffusion of gold 
is therefore probably the fastest diffusion process which can be 
observed in lead. 

By the use of the radioactive iBoto|>e of gold McKay (Trans, 
Faraday Soc,, July 1938) has measured the self-diffusion coefficient 
of gold. Radioactive gold can be produced in the usual way by 
bombarding ordinary gold with neutrons. Neutrons of the velocity 
range used in these experiments are half absorbed in a layer of gold 
0*017 mm. thick. Two methods were used. The first method 
consisted in rolling a piece of activated gold foil 0*01 mm. thick with 
another thicker piece through wliich diffusion was to be measured. 
The second method consisted in allowing neutrons to impinge on 
gold foil after passing through a cadmium filter, the other side of the 
gold being protected by a thick gold filter to which the neutrons 
were imiKjrmeable. In this case, ionisation is produced by /5-par¬ 
ticles and allowance had of course to bo made for the absorption in 
gold before the diffusion coefficient could be calculated. The two 
methods gave results in general agreement, although the coefficients 
obtained by the first method were about twice those found by the 
second. At 917® C., for example, the average value of the coefficient 
was 1*0 X 10~* cm,* sec.”’' The extrapolated value for the gold 
system at 165® C, is 61 x cm.* sec.compared with 1*2 x 10~'* 
cm.* sec.”' for lead at the same temperature. 

Unfortunately the data are not yet sufficiently comprehensive 
to indicate whether there is any relationship between diffusion 
coefficient, energy of activation for diffusion and the magnitude of 
the deviation of the behaviour of the solid solutions from Raoult’s 
law. 

Of the various types of reactions in solids, the decomposition 
of detonating substances, such as azides and the dehydration of salt 
hydrates, have been experimented on most frequently. In spite 
of this work, it cannot yet be said that the problem is completely 
solved, but in recent years it has become systematised and clarified 
to an extent which justifies a review of the present position of the 
subject. 

Dbcomposition of Detonating Sixbstancks. —By a detonating 
substance is meant any solid body which, when heated to a tempera¬ 
ture below the melting point, decomposes explosively, the velocity 
of the explosion wave being of the order of several thousand metres 
per second—a velocity comparable with that of a detonation wave 
in a gaseous system* The substances studied from the point of 
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view of elucidating the nature of the solid reaction are the alkali 
and alkaline earth azides, lead azide, so-called nitrogen tri-iodide, 
lead styphnate Pb 0 .CH( 0 H) 2 (N 08)8 and mercury fulminate 
Hg(ONC) *. The general characteristics exhibited by these molecules 
are (a) that on heating they decompose after the lapse of an induction 
period, reaction thereafter accelerating, reaching a steady state and 
finally declining as the decomposition proceeds to completion; 
(b) that detonation may occur after an induction period. When the 
products of the reaction are solid it is evident that the reaction occurs 
at the interface between decomposed and undecomposed crystals. 
The question thus arises as to how this interface is formed in the 
first place. In view of the fact that a perfect crystal cannot be 
prepared, it is most probable that the centres from which reaction 
starts are associated with imperfections and traces of adventitious 
impurities present in the crystal. It miglit be thought that any 
uncertainty in this connection could be eliminated by generating 
artificially and in a controlled manner such centres by means of 
a-particles (Gamer and Moon, J. Chem, Soc., 1398, 1933), fast 
electrons or X-rays. Unfortunately none of these agents is very 
effective, though Kallman and Sohranlder (Naturwiss., 21, 379, 
1933) have shown that ions of hydrogen, mercury and argon are 
effective for this purpose. Recent work by Maggs (cited by Garner, 
Trans, Faraday Soc,<, July 1938) has shown that ultra-violet light 
is effective in producing centres for the production of nuclei in the 
alkaline earth azides, since the induction period for reaction is very 
materially reduced. If some idea of the primary process could be 
obtained, this method would seem to be a very promising one for 
the investigation of precisely how nuclei grow from such centres 
of disorganisation. 

In order to provide data from which a mechanism may be 
constructed, reliance must therefore be placed mostly on the 
variation of decomposition rate and detonation time with tempera¬ 
ture. First of all, the explosive decomposition may be considered 
(cf. Garner, J, Chem, Sac., 720, 1934, and Trans, Faraday Soc,, 
July 1938). In lead azide, for example, the velocity of the detona¬ 
tion wave is 5*3 10® cm. sec.“^ Since molecules are separated from 
each other by distances of the order of 10““® cm., the detonation wave 
will pass through a layer of molecules in 10"“^® seconds, which time 
is incidentally comparable with the frequency of molecular vibra¬ 
tions. Such a detonation wave thus travels at the maximum 
velocity. The decomposition of one molecule of lead azide is 
accompanied by the evolution of 106 kg. cal., which prompts the 
following question : Is the propagation of the detonation wave due 
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to the epeoific transfer of energy from reacted molecules to a 
relatively small number of adjacent molecules of azide, or is the 
energy spread over a wider ^ olumo, thereby raising the temperature 
of that part of the crystal as a whole ? This is an extremely difficult 
point to settle. Were the latter alternative correct, it would bo 
expected that the artificial generation of nuclei would have reduced 
the temj^erature of detonation, whereas in fact the effect is small. 

From measurements on the rate of decomposition of lead azide 
it can be shown that the energy of activation required for decom¬ 
position is 38 kg. cal. This energy together with the exothermic 
heat of reaction would only activate three or four neighbouring 
molecules of lead azide and thus is insufficient to start a spherical 
detonation wave. Such a spherical wave could, however, be started 
if two molecules of lead azide were to deoom|) 08 e simultaneously 
side-by-side sufficiently frequently. Garner (he. cit.) has shown 
that this possibility is capable of realisation. Lead azide does not 
explode in vacuo below 290''C., at which temperature 11 x 10^* 
molecules react i>er cm.* per sec. This is equivalent to 30 layers 
of molecules decomposing per sec. and therefore the probability 
that two molecules will decompose in adjacent spaces in the inter¬ 
face within 10"^* sec. is 4 x 10^®, or such a coincidence would occur 
4x10* times per sec. Since the induction period before detonation 
is 20 sec, at this temperature, the process is seen to be very probable. 
Similar calculations show that a ternary event only occurs once in 
every 10’ sec. and can thus be neglected. 

In contrast to the behaviour of the azides is the decomposition 
of nitrogen tri-iodide, Nla.NHa, which yields N* + 2NH, f 31* 
(Garner and Latohem, Tran>s. Faraday Soc., 32, 667,1936 ; Meldrum, 
ibid., July 1938). It is not possible to compare this reaction directly 
with any other, for even at 0® C., if the pressure of any gas above the 
solid is reduced below some 2 x 10““* mm., detonation occurs 
immediately. Above this pressure the ammonia, but not the 
iodine, is so strong an inhibitor that the stable decomposition can 
readily be followed at pressures of ammonia up to 376 mm. It is 
suggested that NI* molecules either are or furnish the nuclei for 
the initiation of detonation. When, however, ammonia is present 
in the gas phase the velocity of the formation of NI* is so much 
out down that no detonation wave is started. 

The Slow Dboomfositiok of Detonators. —In dealing with 
the slow decomposition, matters might conceivably be simplified by 
studying substances which yield volatile products, such as sodium and 
potassium azide (Garner and Marke, J. Chem. 8oc., 667,1934). These 
Rrides decompose at measurable rates between 270® and 830® C* 
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There is at first a fast reaction, which soon stops, simultaneously 
accompanied by erosion along the crystal cracks ; this stage is 
succeeded by a long induction period terminated by a rapid reaction 
in which the rate of decomposition dp/dt (p is the pressure of the Ni 
evolved) is given by the equation 
dp 
dt 


(A: is a constant) 


which holds for all these reactions. During the second stage the 
crystal assumes a honeycomb structure owing to the selective 
activity of certain crystalline blocks. Unfortunately the results 
are not very reproducible and no reliable conclusions can be drawn 
with regard to the mechanism. The most surprising feature of the 
reaction is the very large acceleration caused by the presence of the 
corresponding alkali vapours, the same velocity of decomposition 
being obtained at 100° lower in the temperature scale. By so per¬ 
forming the experiments, an interface is thereby created, leading to 
enhanced activity. At the same time the results become more 
reproducible. The two stage character of the decomposition is 
eliminated, there being only a period of induction of short duration. 
The following table summarises the results : 


SubuUnrfj .. 

NttN,* 

KN.t 

BaN, 


a* FUN, 

/J PbN« 

Range of temp, for de¬ 







comp., ° C. . 

£, kg. cal. 

240-276 

222-265 

100-1301 

00-130 

222-260 

200-270 

34-4 

35 1 

21 ! 

18-10 

38 

1 

37 


• In preoenco of N». t In presenoo of K. 

tMarke, Trans. Faraday Hoc., 33, 776, 1937. 


The one regularity immediately apparent is that the lower the 
energy of activation, the smaller the temperature at which a given 
velocity of decomposition is observed. Actually the above results 
fall into two fairly well-defined groups and it would therefore be 
desirable to observe the behaviour of similar substances having 
different values of E in order to see whether the general conclusion 
may be drawn that the absolute velocity of reaction is governed, 
among a group of similar substances, by the energy of activation 
for the propagation of decomposition. 

In order to account for the behaviour of the stable decomposition 
of detonating substances, Garner and Halles (Proc. Roy, Soc,, A, 
139 , 688,1933) have put forward the following hypothesis. Decom¬ 
position commences at nuclei, formed on crystal surfaces and cracks, 
from imperfections in the crystals during the induction period. By 
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grinding the crystals, such imperfections are increased in number, 
with the result that the induction period may be almost eliminated, 
although the rate of subsequent reaction is unaffected. When the 
nuclei starts to spread and reaction becomes apparent each molecule 
of azide, on decomposition, activates one molecule in its immediate 
vicinity. Occasionally two molecules may be so activated. Such 
a process of energy transfer cannot continue indefinitely. It may 
come to a stop when an intercrystalline crack is encountered or even 
a Smekal crack in a single crystal. Further, if there is present any 
considerable amount of decomposed crystal, there is a high prob¬ 
ability that the energy is uselessly wasted in activating molecules 
of the product. Thus it happens that a partially decomposed 
crystal will refuse to detonate under conditions where a fresh 
crystal will explode readily.^ Hence if No is the number of centres 
of leaction generated j>er sec. and K is the number of times per sec. 
two molecules are activated, then 


dN 

dt 


- No + KN, 


N being the number of reaction centres in existence at time i. There 
fore on integration 

N = _ 1) 

and if 1 

^nN = K< + lr&. 

iv 


But since the rate of increase of pressure, which gives the rate 
of decomposition, is proiwrtional to N, 


In 


dp 

dt 


kit -f const.. 


which accounts for the variation of rate with time after the lapse 
of the induction period. ki is temperature dependent being pro¬ 
portional to 6“^''®'*', where A is a constant having the dimensions 
of energy and may be termed an energy of activation. Garner 
and Hailes suggest that it is a measure of the energy of activation 
for the decomposition of the explosive group in the molecule, for 
example (CNO) in fulminate. The “ constant ” in the above 
equation will vary with temperature, since both No and K will be 


* It is of interest to note that the entity formed during the process is very 
stable, for, if the heating bo interrupted and subsequently recommenced, 
the induction period is not increased. 
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temperature dependent, but to a smaller extent than k. With 
mercury fulminate it is significant that the value — 30 kg. cal.— 
calculated from the stable decomposition—^has practically the same 
value as that calculated from the temperature coefficient of the 
length of the induction period preceding detonation. This fact, if 
not fortuitous, would indicate that there is a very close connection 
between the two processes. 

Dehydration of Salt Hydrates. —^In an attempt to get at the 
root of the problem of the mechanism of the removal of water from 
salt hydrates, Gamer and his co-workers (Bright and Garner, J. Chem, 
8 oc,, 1872, 1934; Gamer and Southon, ibid., 1705, 1935) have 
made a very extensive study of the formation of nuclei, from which 
dehydration spreads, on crystals of CUSO 4 . 5 H 2 O, NiS 04 . 7 H 20 and 
chrome alum, K2S04.Cr,(S04)3,24H20. In these exj>eriments the 
number and also the linear rate of growth of nuclei were measured 
microscopically, the lower limit for size being about 10”® cm. As 
has been pointed out above, such nuclei in crystals are probably 
produced in the first place by some disturbance in the lattice. 
From that disturbance the nuclei grow until they can be observed 
microscopically. As might be expected from the complex lattice 
stmcture, the nuclear growth varies with direction, giving rise to 
elongated star-shaped bodies with CuS 04 . 5 H ,0 (which is dehydrated 
to monohydrate). In one crystal—chrome alum—the nuclei grow 
uniformly, in the initial stages, in all directions. The facility for 
growth in any one direction is probably governed, among other 
factors, by the ease with which water can escape in that direction 
(see especially, Garner and Pike, J. Chem. 80 c., 1565, 1937). The 
essential features of the behaviour of visible nuclei is that there is 
an induction period before they appear or increase in number, if 
there are some already present; thereafter the number increases 
linearly with time, except with NiS 04 . 7 H, 0 , where the number 
increases with the square of the time. Above 10 cm.”^® linear 
growth is also proportional to time. The striking characteristic 
of these phenomena is that, in spite of the fact that the observed 
behaviour must undoubtedly be an average of a number of precesses 
of somewhat different velocity, yet the temperature coefficient of 
each is approximately identical—a fact which would indicate a very 
close connection between them. 

The most difficult observation to explain is the small rate of 
growth of the nuclei, when small in size, 10'“® cm. being only an 
upper limit fixed by the usable magnification of the microscope. 
Cooper and Gamer {Trans. Faraday 80 c., 32, 1739, 1936) m^e 
the suggestion that, since there is a contraction produced during 
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dehydration, a negative tension is set up which reduces the vapour 
pressure of the hydrate and therefore rate of evaporation of water 
to such a small value that nuclear growth, in the initial stages, is 
extremely slow. In fact, it is possible to make a partial test of the 
theory when the nuclei begin to grow at a significant speed. Assum¬ 
ing that the tension is independent of nuclear size, it can be shown 
from the theory of the variation of vapoxu* pressure with interfaoial 
curvature that 

RTlog,?} = + RT/»p„, 

where p is the va|)our pressure of a spherical drop of radius r and 
density p, p^ is the pressure above a plane surface, M is the molecular 
weight of the vapour and a the surface tension. Now since the 
linear rate of growth, dr jdi, is equal to the rate of evaporation and 
therefore, as a first approximation, to p, the above equation may 
be transformed to 

RTlog.| = ^ 4 K.», 

where K, and K, are constants. This relationship actually holds 
exceedingly well between the values r ~ 1()“® and 10“* cm., the 
tension working out at the remarkably high figure of 7-6 x 10* 
dynes cm.“^ 

GEOLOGY. By G. W. Tvriieu., A.R.C.Sc., D.Sc., F.R.S.E., The Uni¬ 
versity, Glasgow. 

VoLCAMSM AND PLUTONISM.—The r68um6 of J. Verhoogen’s paper, 
“ Hypoth^se sur les causes de I’activit^ volcanique ” (Ann. Soc. 
Oiol. de Belgique, LX, 1936, 29-37), is as follows (translation) : 
“ By adiabatic compression tectonic forces cause the accumulation 
of a considerable quantity of energy in gas pockets at high temper¬ 
ature. These energy accumulations explain the production of 
liquid basalt by isothermal fusion of the basaltic layer, and also 
the high temperatures characteristic of certain volcanic phenomena. 
The proposed hypothesis takes account of the relation between 
volcanism and diastrophism. Orogenic phenomena are accoin- 
panied or followed by volcanism only where such accumulations of 
energy probably exist.” 

In his paper “ Zur Theorie und Klassifikation der eruptiven 
vtdkanischen Vorginge ” R. A. Sender (Geol Rundsch., XXVIII, 
1937, 499-641) attempts to construct a classification of eruptive 
processes on the basis of physico-chemical principles. Differences 
in behaviour between basic and acid magmas depend chiefly on 
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viscosity, basic magma being richer in gases. Explosivity depends 
on the depth of origin of the magma, since at greater depths magma 
is able to dissolve more gas. Explosive phenomena result from 
rapid uprush and consequent diminution of pressure. The theory 
of tectonic activity resulting from retrograde boiling, as advocated 
by Rittmann, is rejected on the ground that the gaseous tension 
thus produced could not fulfil the energy requirements. A classifi¬ 
cation of eruptive activity on the basis of viscosity and explosivity 
is established. 

In a paper on “ Flood Basalts and Fissure ICruption,’' G. W. 
Tyrrell {Bull. Vole., Naples, S6r. II, 1, 1937, 89-111) suggests that 
for the basaltic accumulations of enormous area and volume v^^hich 
have hitherto been designated “ plateau basalts,” the term '' flood 
basalt ” is more descriptive and appropriate. “ Plateau basalt ” 
merely refers to an accidental and inessential feature resulting from 
leveUing-up, erosion, or earth movements. From a review of the 
world’s flood basalts and of volcanic phenomena in Hawaii the con¬ 
clusion is arrived at that flood basalts are due to the combined oper¬ 
ation of shield volcanoes of Hawaiian tyf>e and fissure eruptions. 

In describing ” Flow-Units in Basalt ” from Now Mexico, R. L. 
Nichols (Journ. OeoL, XLIV, 1936, 617-30) demonstrates how 
multiple lava flows may be formed. A “ flow-unit ” is a tongue¬ 
shaped structure within a single flow produced by small lenses 
100-300 ft. long and from 10 to 20 ft. thick, separated by thin slaggy 
crusts. These are believed to have been formed by successive 
ejections of the liquid interior of the flow along its front and lateral 
margins. 

A. E. Jones deals with the ‘‘ Formation of Basaltic Lava Flows 
(Journ. Oeol.y XLV, 1937, 872-80), and extends Nichols’ observ¬ 
ations to Hawaii and Mount Lassen. He also makes valuable 
suggestions regarding the surface structures of basaltic flows, and 
in regard to the sampling of lava flows in order to detect any 
petrological variations during eruption. 

E. W. Skeats and A. V. G. James describe “ Basaltic Barriers 
and other Surface Features of the Newer Basalts of Western Vic¬ 
toria ” (Proc. Roy. Soc. VicL, XLIV, Pt. II, 1937, 245-78). These 
remarkable features are ridges from 10 to 60 ft. high, which rise like 
waves or pressure ridges in ice from the surfaces of the basaltic lava 
flows, with intervening valleys and funnel-shaped depressions. 
Every barrier is more or less breached by troughs which may be 
more than 20 ft. in depth. The hypothesis put forward to explain 
these features is partial collapse of the solid crust of a basaltic 
sheet due to the withdrawal of molten basalt from beneath as a 
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result of ruptures of the temporarily solidified front of the basalt 
sheet.” 

In his paper “ Die Entstehung der Schildvulkane und der vulkan- 
ischen Tafolberge Islands,” N. H. van Doorninok {Proc. Kon. Akad. 
V. Wetensch. Amsterdam, XXXVIII, 1935, 77-87) suggests that 
serious consideration should be given to Von Knebel’s hypothesis 
that Icelandic shield volcanoes are due to single extrusions. H. 
Reek’s view of the Icelandic volcanic table mountains as horsts is 
rejected until evidence of the supposed bounding faults is obtained. 
It is suggested that their isolation may be due to glacial erosion. 

The same author also discusses the origin and mode of eruption 
of the 1783 outburst from the Laki fissure in Iceland {ibid., 74-6). 

In lus paper “ A Volcano under an Ice-cap : VatnajbkuU, 
Iceland, 1934-36 ” {Oeogr. Joum., XC, 1937, 6-23), and in a beauti¬ 
fully illustrated quarto monograph {Vatnajdkidl: Kampen mellem 
lid og Is. Copenhagen: H. Hagerup, 1937, 124 pp.), N. Nielsen 
describes the effects of recent volcanic eruptions under the Vatna- 
jOkuU ice sheet. The phenomena of this eruptive type were briefly 
described in Soibnob Progress, XXXI, 1936, 336. A quotation 
will servo to illustrate Dr. Nielsen’s results : “ It is quite clear that 
these two eruptions, the Grimsvbtn eruption and that west of 
H&g6ngur, (were) very different in energy. The GrimsvOtn eruption 
had the strength to melt 10 cub. kra. of ice and after that to penetrate 
the ice cover and send a column of about 10 km. height into the air 
for several weeks ; and the H&gOngur eruption oould not even 
lienetrate a thin ice-cap of about 100-200 m. . . . the GrimsvOtn 
eruption seems to be poor in ash material and enormously energetic, 
while the H&gOngur eruption probably produced a considerable 
amount of lava and very little energy.” 

T. F. W. Barth describes volcanic ash from a subglaoial volcano 
in VatnajOkull 1922 and 1934 {Norsk Oeol. Tidsskr., 17, 1937, 
31-8), which proves to be a brown glass of “ plateau basalt ” com¬ 
position, or sideromelane (Peacock). It is thus a modern analogue 
of the Pleistocene sideromelanes which in Iceland are believed to 
be products of drastic chilling of basaltic magma extruded under 
the ice sheet. 

In a short r6sum4 of ” Thermal Activity in Iceland ” the same 
author {ihid., 16, 1936, publ. 1937, reprint 4 pp.) olassifles the hot 
springs as, (1) fumaroles (steam vents); (2) solfataras (acid springs 
depositing sulphur); and (3) alkaline springs, generally depositing 
siliceous sinter. All Icelan^c springs are strongly influenced by 
earthquakes and volcanic eruptions. Definite relations have been 
shown to exist between the various types of springs and the adjacent 
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rooks ; for example, the alkaline springs show a pronounced prefer¬ 
ence for the Palagonite Formation. 

The origin of the Icelandic Palagonite Formation is discussed 
by N, Nielsen and A. Noe-Nygaard {Oeogr, Tidsskr. Copenhitgen^ 
39, 1936, 36 pp.). It is shown that the formation is partly sedi¬ 
mentary and partly igneous, and that the sedimentary facies shows 
signs of the action of subaerial agents such as wind, weathering and 
solifluction. Eruptions beneath ice sheets give rise to pillow lavas 
and fragmental glassy accumulations. The Palagonite Formation 
thus includes both subglacial formations (tillites and pillow lavivs) 
and subaerial formations ; but many of the sediments were deposited 
subaeriaUy on ice-free land surfaces, and are essentially Interglacial 
formations. 

The great ^Egean volcano of Santorin and its eruptions from 
1925 to 1928 is the subject of a monograph by H. Reck et alia 
{Santorin: Der Werdegang ernes Inselvulkans und sein Atisbrmh 
1925-1928, Berlin : D. Reimer, 1936, 3 vols. quarto, 606 pp., 
109 text figures, 49 plates, and one profile 25 ft. long.). A full 
review by A. Knopf is given in the Amer, Joum,. Sci.^ XXXIV, 1937, 
161-3. 

J. E. Richey discusses “ Some Features of Tertiary Volcanicity 
in Scotland and Ireland {Bull, Fofc., Naplesy S6r. II, 1, 1937, 
13-34). He deals particularly with the history of the basalt caldera 
of Mull, which is illustrated by some illuminating diagrams, and 
with the post-basaltic volcanoes of Ardnamurchan and Slieve 
GuUion. He concludes with a discussion of calderas essentially 
due to explosion. 

A. G. MacGregor briefly reviews the main facts relating to 
Scottish Carboniferous and Permian volcanicity {ibid.y 41-58), 
These volcanic regions are included within the graben of the Midland 
Valley of Scotland. 

In a paper on Tuffs and other Volcanic Deposits of Katmai 
and Yellowstone Park,” C. N, Fenner {Trans, Amer, Oeophys, Union^ 
18th Ann, Meeting^ 1937, 236-9) calls attention to the special 
features of the great rhyolite-tuff “ sand-flow ” of the Valley of 
Ten Thousand Smokes, Katmai, Alaska. Its rapid and firm con¬ 
solidation is ascribed to the action of self-evolved gases shortly 
after emplacement. Similar deposits are found in the Yellowstone 
Park ; but another type of fragmental volcanic deposit consisting 
of horizontal beds of rounded boulders, which is developed in the 
Absaroka Mountains, is believed to be due to volcanic landslides 
aided perhaps by floods from burst crater lakes. 

Writing on The Structure of the Rhyolites in Yellowstone 
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Park,” H. A. Brouwer {Joum. Oeol., XLIV, 1936, 040-9) states that 
much of the banding and lamination of the lavas is to be considered 
not as the result of the spreading of a non-homogeneous magma, 
but as the result of crystallisation along planes developed by move* 
ments after the flow structure was completed. 

The well-known Mono Craters in eastern California are shown 
by E. B. Mayo, L. C. Conant and J. R. Chelikowsky (Amer. Joum, 
Sci., 32, 1936, 81-97) to continue southward as a chain of six 
widely-spaced rhyolite domes, the morphology of which indicates 
that upheaval of the highly viscous lava was preceded and accom¬ 
panied by violent explosions. 

W. D. Smith and C. R. Swartzlow discuss the question whether 
Mount Mazama, the Cascade volcano in which Crater Lake has been 
formed, is due to explosion or collapse (Bull. Oeol. Soc. Amer., 47, 
1936, 1809-30). The distribution, character and known quantity 
of the volcanic ejecta, the shape and character of the materials of 
the crater, and the non-existence of recent lavas, lead to the con¬ 
clusion that explosion is the most acceptable explanation of Mount 
Mazama’s peculiar features. 

The validity of the original explanation of the Tertiary (Lower 
Keechelus) breccias of the Cascade Range as of pyroclastic origin 
has been questioned by G. E. Goodspeed and H. A. Coombs (Aw«r. 
Joum. Sci., XXXIV, 1937, 12-23). They offer the alternative view 
of recrystallisation-replacement, and believe that a sandy shale 
has been changed into a pseudo-igneous rock by a process of additive 
hydrothermal metamorphism. 

Seventy-one occurrences of small dike-like masses of igneous 
rook and explosion-tubes (diatremes) have now been found by 
G. W. Rust (Joum. Oeol., XLV, 1937, 48-76) within an area of 
76 sq. miles in south-eastern Missouri, rendering this district com¬ 
parable with regions of a similar type of volcanioity in Swabia and 
Scotland. These igneous exposures are believed to represent small 
bore-holes drilled by gaseous explosion above a postulated magma 
chamber of laccolithic type. 

A. G. MacGregor gives a preliminary account of the geology of 
Montserrat based on work accomplished during the recent Royal 
Society expedition (Proc. Boy. Soc. London, B., 121, 1936, 232-62). 
The whole of the island is volcanic. Its loocdised and recurrent 
eoufriire and seismic activity ore related phenomena of volcanic 
origin connected in some way with molten or semi-molten magma 
beneath the Soufri^ Hills, the most recently active volcano. The 
eruptions of Soufri^ were of the nuie ardente type, and took place 
during Pleistocene or Recent times. 
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In a paper on ** Vulkanische Asche vom Ausbruoh des ohilenisohen 
Vnlkans Quizapn (1932) in Argentina gesammelt/* W. Larason 
{Bull Oeol Inst. Upsala, XXVI, 1936, 27-52) describes what he 
calls the aeolian differentiation of the ash with distance from the 
point of eruption. The ash seems to have been of andesitic com¬ 
position, but at increasing distances from the volcano it becomes 
progressively more rhyolitic, owing to the light acid residual glass 
being carried farther by the wind than the crystalline constituents. 

In his paper on the Origin and Movements of Magmas in a 
Strong Earth,” J. S. de Lury (Amer. Journ. Sci., XXXIV, 1937, 
222-34) dissents from current views that a continuous shell of 
weakness exists beneath the earth’s crust, and that magma is under 
hydrostatic or isostatic control and a passive participant in earth 
movements. The conclusion is reached that magma is formed in 
horizontal sheets within environments that decree its forceful 
migration, growth and eventual intrusion into belts of deformation. 

Continuing his study of magma and magmatic environments the 
same writer, in a paper on “ Heterogeneity of Parent Magma ” 
(Journ. Geol.y XLV, 1937, 381-90), ascribes only a minor and local 
part to processes of differentiation in producing the diversities of 
igneous rocks. Using thermal evidence, he derives the view that 
most magma is generated by frictional heat during its wide and 
forceful migration and, thus dependent on its compositional environ¬ 
ment, is more or less heterogeneous from birth. 

Starting with the assumptions of his “ undation theory ” (see 
Science Progress, XXX, 1936, 491), R. W. van Bemmelen deals 
with ” The Cause and Mechanism of Igneous Intrusion ; with Some 
Scottish Examples ” (Trans. Glasgow Oeol. Soc., XIX, Pt. Ill, 
1937, 453-92). He distinguishes between positive hydrostatic 
pressure in a magmatic column due to differentiation, leading to 
doming of the crust, tlirusting and magmatic injection, and negative 
hydrostatic pressure which causes stoping and the drawing-up of 
magma into potential vacua within the crust. The phenomena of 
sills are ascribed to this latter mode of action. The escape of 
volatiles by retrograde boiling is believed to play an important part 
in the ascent of magma only at higher magmatic levels and during 
volcanic outbursts. Van Bemmelen’s views are illustrated by refer¬ 
ence to certain Scottish asthenoliths, batholiths and Tertiary igneous 
complexes. 

In his paper on The Volcano-tectonic Structure of the Residency 
of Malang (Eastern Java)—^An Interpretation of the Structure of 
the Tengger Mountains,” R. W. van Bemmelen (De Ingmieur in 
Nederlandsch'^Indie. IV. Mijnb. en Oeol. *‘De Mijn4ngenieur 



aBOLOGY 


106 


Jaarg. IV, No. 4, 1937, 169-72) shows that the Tengger voloamo 
group consists of olivine-basalt and andesite lavas erupted in the 
order stated. The interpretation of the structure is based on the 
theory of gravitational tectogenesis. The northern part of the 
mountains is believed to have been broken off along large crescentic 
faults, and to have collapsed into the geosynclinal depression to 
the north. 

In A Contribution to the Mechanics of Intrusions,*' F. Loewin- 
son-Lessing (Report XVIih Iniernat. Oeol. Congr,, Washington, 1933, 
1936, Preprint, pp. 14) concludes that the displacement of magma 
is caused by external dislocation pressure. Most batholiths are 
believed to be sheet-like and not bottomless. In so far as they are 
sheet-like, the emplacement of sills and batholiths is due to a process 
resulting from a “ mobile equilibrium of masses.*’ The mechanics 
of the process is i)lastio hydrostatic sinking of the base of the intrusion 
chamber, and “ hydrodynamic exchange of place by rock-flowage 
between the country-rock and the magma.** 

In his important paper on ‘‘ The Dynamics of the Formation of 
Cone-sheets, Ring-dykes and Caldron-subsidences,” E. M. Anderson 
(Proc, Roy. Soc. Edin., LVI, Pt. II, 1936, 128-57) mathematically 
and geologically works out the implications of his previously 
published theory of tlie origin of igneous ring-structures. H. 
Jeffreys contributes an elucidatory and critical ” Note on Fracture ’* 
(ibid., 168-63). 

In P. H. Kuenen’s paj)er ” Intrusion of Cone-sheets ” (Oeol. Mag., 
LXXIV, 1937, 177-83), based on observations in Mull and Ardna- 
murchan, evidence is adduced to show that the injection of cone- 
sheets is accompanied by vertical lifting of the upper wall, thus 
confirming E, M. Anderson*8 exidanation of the phenomenon. It 
is also argued that the fracturing of the country-rocks with the 
concomitant injection of cone-sheets are effects which take place 
with great rapidity. 

A discussion of the ** Sierra Nevada Pluton and Crustal Move¬ 
ment,*’ by E. B. Mayo (Joum. Oeol., XLV, 1937, 169-92), servos to 
show that while part of the magma was guided by regional N. W.-S.E. 
trends of cleavage and folding, the primary controls were oriented 
nearly N.-S., as zones of tension in this direction guided the Tertiary 
and Quaternary volcanic eruptions as well as some of the older 
intrusions. These zones occur in echelon, and are thought to indi¬ 
cate horizontal drift by which the Sierra Nevada block has been 
shifted northward relative to more eastern blocks. The geologically 
young uplifts and plutonism of the region may indicate the emplace¬ 
ment at depth of another pluton. 
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A paper by H, Gerth, on “ Die Bedeutung dee Magmas in der 
Orogenese der sudamerikanischen Kordillere {Otol, Bundach., 
XXVII, 1936, 87-9), ascribes the uplift of blocks of Pre-Andean 
structures, with concomitant folding of the sedimentary cover, to 
magmatic movements in depth. The meridional parts of the South 
American cordilleras are thus regarded as “ magmatic mountains.” 

F. F. Grout discusses the ” Structural Features of the Saganaga 
Granite of Minnesota-Ontario ” (Report XVIth Internal, Oeol. Cong,, 
Washington, 1933, 1936, 255-70). The internal structure of the 
batholith and the drag on its walls indicate a lengthening of the mass 
during crystallisation in an upward and westerly direction. The 
deepest parts of the mass are root-like extensions which may be 
” feeders.” These extensions deform and confuse the structures 
of the ancient gneisses they penetrate, and show little sign of having 
derived their materials from the adjacent coimtry-rocks. 

In his paper “ Gravity Stratification as a Criterion in the Inter¬ 
pretation of the Structure of Certain Intrusives of the North-western 
Adirondacks,” A. F. Buddington (Report XVIth Internut, Oeol. 
Congr., Washington, 1933, Preprint, Dec. 1935, 1-6) discusses 
several Pre-Cambrian igneous complexes hitherto interpreted as 
batholithic or stock-like intrusions. As good indications of gravity 
stratification are present, several of these masses are tentatively 
interpreted by Buddington as isoclinally folded sheets. 

L. R. Wager and W. A. Deer (Oeol, Mag., LXXV, 1938, 39-46) 
describe an immense Tertiary dolerite dike-swarm which closely 
follows the eastern coast of Greenland for 500 miles. The dikes 
cut the Tertiary basalt series and the underlying metamorphic 
complex. The swarm is densest at the coast and thins inland. It 
follows the line of a well-defined monocUnal flexure in the basalt 
lavas, which was formed during the later stages of the Tertiary 
igneous episode. Tension developed in the convex part of the 
flexure produced successive fractures which were occupied by the 
basaltic magma underlying the whole region. 

According to J. E. Hibsch’s work, ” tTber die vulkanischen 
Gangspolten im BOhmischen Mittelgebirge ” (Neues Jahrb. f. Min., 
B.-B. 70, Abt. A., 1936, 571-7), the very numerous dikes of the 
Bohemian Mittelgebirge are arranged as a very perfect radial swarm 
centring on the essexite intrusions of Rongstock. 

PEDOLOGY. By PaorBSsoB N. M. Combbb, D.Sc., A.R.C.S,, F.I.C., The 

University, Leeds. 

Soil Surveys. — It was mentioned last year that Kellogg of the 
United States Soil Survey had produced a concise account of our 
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present knowledge of soil genetics and classification. Kellogg 
(United Sta^tee Department of AgrieuUure, Miscellaneous Publication 
No. 274) has followed thifi with a “ Soil Survey Manual.’* This 
gives a detailed account of the technique of sampling soils, of all 
field examinations and of the methods of soil mapping. 

With the development of soil survey work there have arisen a 
number of suggested rapid tests including colour tests for potassium, 
phosphorus, various forms of nitrogen and other elements. A 
typical illustration is “ The Universal Soil Testing System,” by 
M. F. Morgan (Connecticut Agric. Expl. Station, Bull. 392, 1937). 
In this system the soil is extracted with a highly buffered solution of 
sodium acetate and acetic acid and the tests carried out on portions 
of the extract. Many of the tests and the expediency of the system 
of testing have been critically considered (for references see Imperial 
Bureau of Soil Science, Monthly letter No. 71). It ap|)oars that 
there is a real amount of usefulness in these tests but that consider¬ 
able experience and previous knowledge of the soils concenied are 
necessary in the interpretation of the results. 

Soil Genetics and Classification.— The development of the 
study of soil genetics and the general adoption of the genetic basis 
for classification has led in the last year or two to some difficult 
problems of confused tenninology and of interpretation of reports 
of soil grouping. Some fundamental questions concerning the 
genetic classification have therefore been raised for reconsideration. 
In a discussion at the British Empire Section of the International 
Soil Society, Blackpool, 1936, Dr. W. G. Ogg has raised and examined 
the questions: (i) Is a broad world grouping of soils desirable ? 
(ii) Are the groups as at present defined satisfactory ? (iii) Can 
British soils fit into the existing groups ? No pedologist is likely to 
question the desirability of a world classification. But it is admitted 
in all quarters that the present classification is not adequate for 
universal application and that British soils cannot all be fitted into 
it. A great deal more field and laboratory work must be done before 
a universally adequate grouping can be made, and because of this 
advances in the study of soil genetics in the immediate future are 
not likely to be rapid. 

The Brown Earths are a group which figures prominently in the 
European literature and about the definition and meaning of which 
there is great confusion. Some attempts have been made to miti¬ 
gate this confusion and an interesting paper comes from Mr. O. R. 
Clarke (British Empire Section of the International Soil Society, 
Oxford, 1937). The term “ Brown Earth ” originated in the writings 
of Ramaan in Germany a good many years ago. In subsequent 
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writings it has been used in a vaguer way than that in which Ramaan 
used it, and moreover the term Brown Forest Soil has come into the 
literature without any agreement as to whether it is virtually synony¬ 
mous with Brown Earth or essentially different. Mr. Clarke makes 
interesting suggestions for reviving Ramaan’s conception of a 
Brown Earth and for defining a Brown Forest Soil as different from 
but related to it. The Brown Earths of Ramaan had formerly been 
under broad-leaved forest which continued as forest by natural 
processes of regeneration until human intervention in one way or 
another stopped this regeneration. Such soils under forest can be 
termed Brown Forest Soils. 

In these Brown Forest Soils the water level will be lowered by the 
transpiration of the forest trees, and the leaf-fail will reduce eva]K)ra- 
tion, thus maintaining a permanently moist A horizon. Between 
this surface moisture and the lowered ground water level will be a 
drier B horizon. 

Human intervention may remove the forest conditions and bring 
the surface into cultivation. The absence of forest trees then causes 
the ground water level to rise. The cessation of accumulating leaf 
litter on the surface enables a greater percolation of water at times 
of rainfall, with consequent increase in mineral decomposition, and a 
drying oiit of the surface at other times. There are no longer two 
permanently moist horizons separated by a drier one and the surface 
becomes dominantly mineral and not humic. The soils thus pro¬ 
duced from the Brown Forest Soils by deforestation and cultivation 
are the Brown Earths as Ramaan understood them and as they may 
now be usefully redefined. 

Desert Soils .—The genetics of the American desert soils have been 
investigated by Nikiforoff {Soil Science, 1937,43, 105). The charac¬ 
teristic of these soils is a hard cemented crust or hardpan generally 
overlaid by loose and biologically inert material. In addition, and 
usually beneath the crust, is a clay layer. Earlier theories had 
associated the crust and the clay layer as genetically related. The 
author concludes that they are the results of independent processes, 
that an upward water movement brings about an accumulation of 
salts and the formation of the crust, and that the hydrolysis of 
minerals in situ is responsible for the clay layer. 

Soil Mioko-orqakisms. —Waksman and others {Soil Science, 
1937, 43, 51, 69, 77) have carried out investigations into certain 
antagonistic and collaborative effects of micro-organisms. Review¬ 
ing the literature makes it clear that a vast number of micro¬ 
organisms have injurious effects upon themselves and upon other 
organisms. This may be due to a variety of causes, competition for 
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nutrients, alterations of reaction and of oxidation-reduction poten¬ 
tial, or the formation of toxic substances. A study by the authors 
of the effects of a particular species of actinomyces showed that its 
toxic effect on other organisms was specific, and not due to changes 
of reaction or other environmental factors. 

The complexity of the interrelations of the soil organisms is such 
that it is difficult to base conclusions on the effect of one organism 
on another in isolated cultures. The alleged effect of the soil 
protozoa on some processes by reason of their effect on bacteria is 
thought to be exaggerated. 

It was found that a cellulose decomposing fungus attacks the pro¬ 
teins and not the cellulose of lucerne, but in the presence of certain 
organisms which could only attack protein it attacked the cellulose. 
It was found, too, that certain non-cellulose-decomposing organisms 
accelerate the decomposition of cellulose by other organisms. 

An instance of the influence of associations of organisms is found 
in the fact that certain actinomyces will not attack lucerne in pure 
culture, but do so vigorously when accompanied by certain fungi. 
Similar associative influences affect the loss of nitrogen from soil 
organic matter. 

Chlorosis .—The inability of soils to provide adequate supplies 
of iron is the underlying view of the cause of chlorosis. It has long 
been clear, however, that there is no simple relationship between the 
reaction of the soil, as the factor that has been held to affect the 
solubility and mobility of iron, and the incidence of chlorosis. 
Prom the work of Wadleigh and others [Hoil Science, 1937, 43, 163) 
it appears that the attempt to associate the mobility of the iron 
with pH ignores other factors, particularly the phosphate concen¬ 
tration. It also appears that nitrate concentration is in some way 
associated with chlorosis, and that plants supplied with nitrogen in 
the form of ammonium salts are relatively free from chlorosis when 
compared with plants supplied with nitrate. 

Nitrification .—It has been claimed from time to time lately that 
the biological oxidation of nitrogen compounds to nitrate in soils 
has been exaggerated and that sunlight has important photochemical 
effects. This has been denied as often as it has been asserted. The 
matter has been subjected to very careful investigation by Waksman 
and others {Soil Science, 1937, 44, 361, 441). They have failed to 
find any significant inoreaso in the oxidation of the soil’s own 
nitrogen by exposure to sunlight, but in certain experiments added 
ammonium compounds were oxidised. They conclude that bio¬ 
logical oxidation is still to be regarded as the outstanding cause 
of nitrate formation in soils. 
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Artifioial irradiation with ultra-violet light had a destructive 
effect on certain organisms, including the nitrifying bacteria, and no 
photochemical formation of nitrate was found. 

BOTANY. By PKorKssoa E. J. Sausbuky, D.Sc., E.R.S., Univonsity 

College, London. 

TiiK changes exhibited by heavy clay saline soils in Holland with 
the passage of time forms the subject of a paper by D. J. Hissink 
{Soil Science, 45, 83-94, 1938). Data are furnished resi>ecting the 
Dollard ]>older8, which range in age from 0 to 380 years. They 
show a progressive leaching of the calcium carbonates which van 
Bemmelen described in 1863 as being washed out at the rate of 
about 1 per cent, in a quarter of a century. Actually the data 
here given indicate a ]>eriod of some 270 years as requisite for 
comi^lote removal of the 9T> per cent, calcium carbonate in the 
young polder, but, since the rate of removal is at first rapid and 
then diminishes, the middle part of the curve does not depart 
materially from van Bemmelen s figure. Despite this loss of cal¬ 
cium, however, the total exchangeable bases remain practically 
constant in amount. There is a loss of exchangeable calcium, but 
in the older polders this is apparently compensated by an increase 
of exchangeable magnesium which, it is suggested, diffuses out from 
the interior to the surface of the soil particles. 

The humus content shows a slight initial decrease and then 
remains almost constant at about 3*5 per cent. The reaction, which 
is at first markedly alkaline (7*8), becomes slightly less alkaline 
with age, but it is only in the oldest polder, reclaimed for 380 years, 
that an acid reaction (pH 5*9) is realised. The exchangeable potas¬ 
sium would apjjear to decrease during the first 200 years and then 
to approximate to a constant low value of about 0-6 milligram 
equivalents per 100 gm. 

The disease of sheep known as the coast disease is, like sheep 
sickness, apparently due to the absence of the requisite micro¬ 
nutrients in the herbage on which they browse, but, whereas sheep 
sickness is apparently due to the absence of minute traces of 
cobalt alone, the coast disease, which is confined to highly cal¬ 
careous dune soils, is apparently due to the absence of the requisite 
traces of both cobalt and copper, since food containing both these 
metals restores the animals to complete health. It would be in¬ 
teresting to know whether the plants of these areas show structural 
or morphological features associated with these soil deficiencies 
{Bull, Council Sci, hidusU Res., No. 113, 1938). 

W. H. Pearsall furnishes some interesting data regarding wood- 
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land oommumtias in the North of England, particularly in reepect 
to the oxidation-reduction potential of their soils. The oxidising 
soils devoid of nitrates and deficient in bases, with a pH below 
3*8, are characterised by communities of Betida, Vaccinium myriiUus^ 
Deachampsia fleomoaa and Dicranum majus. Those oxidising soils 
between pH 3 8 and 5 0, which, though deficient in bases, contain 
nitrates, are usually characterised by oakwoods with Hohus moUia 
and Millium effuaum. Oxidising woodland soils above about pH 5, 
with nitrates and either calcareous or slightly deficient in bases, 
yielded Mercurialia perennia and Brachypodium aylvaticum. The 
soils of alder woods were found to be oxidising in summer, but tend 
to be reducing in winter. These have a pH above 3-8 and during 
summer contain nitrates. Phalaria arundijuicea and Ulmaria palua- 
tria are suggested as probably characteristic of such conditions. 
The wet soils of the Salix cinerea woods were found to be reducing 
with a pH value above 5 (pH S l-pH 5*5) and an absence of nitrates. 

There are thus two types of soils deficient in nitrates, the one a 
reducing type of soil tending towards a pH above 5, and the other 
the oxi^sing soil with a pH below 3*8 {Jour, Ecology, XXVI, 
180-209). 

A paper in the same journal by J. F. H. Simpson describes the 
flora of calcareous greensand and compares it with that of the 
non-calcareous greensand. From this the conclusion is reached that 
the majority of so-called calcicoles are restricted to calcareous soils 
owing to chemical rather than physical conditions. The following 
six species in particular are cited as chemically determined “ cal- 
ciooles,** viz, Avena pubeacenSy Bromus erectua, Helianthenmm vulgare, 
Leontodon hiapidua, Poterium aanguiaorba and Scabioaa columbaria. 

Physically determined calcifuges are held to include Erodium 
cicutaHum, Myoaotia collina, PlarUago coronopua, PotentiUa argentea, 
Pteridium aquilinum, Saxifraga granulaia, S, tridaotylites, Trifolium 
arvtnat. Although classed as ‘‘ calcicoles,” it is admitted that these 
species are tolerant of free calcium carbonate if the soil be sandy, 
but it is nevertheless surprising to find Saxifraga iridactylUea in¬ 
cluded as a “ calcifuge,” since it is an abundant constituent of the 
vegetation of some calcareous soils and occurs on the mortar joints 
of old walls. 

Miss P, M. Jenkin {Jour, Marina Biol, Aaan., XXIII, 301-43, 
1937), from a study of the oxygen production by the diatom Coacino- 
diacus eoncentricus, concludes that the compensation point in the 
clear open water of the English Channel in summer is attained at a 
depth of about 46 metres. This corresponds to about 0-13 gm. 
calorie per sq, cm. per hr. By comparison of the energy available 
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at varying depths and determining the oxygen production the 
conclusion was reached that diatoms can utilise energy for photo¬ 
synthesis equally well in all parts of the visible spectrum. 

In a paper by S. C. Varma {Ann, Bot.^ N.S., II, 205-25, 1938) 
the nature of competition between species and strains in the early 
stages of development is considered. It is shown that in some 
instances the severity of competition, as measured by mortality, is 
greatest in mixed cultures, whereas in other combinations of species 
or strains the severity of competition is greater between the in¬ 
dividuals of the same kind than between individuals of different 
kinds. Thus Darwin’s generalisation is not universally true. Ex¬ 
perimental evidence is afforded that the effect of one strain on 
another is in part at least due to soluble toxic substances. 

From a study of the lengtli of viability of seeds of Populus^ 
E. H. Moss concludes that under natural conditions this is of two 
to four weeks’ duration and is markedly influenced by atmospheric 
humidity. The most prolonged viability appears to bo attained at 
a relative humidity of about 10 per cent., but with moister conditions 
the seeds rapidly lose their capacity to germinate. Natural repro¬ 
duction appears to depend upon the soil remaining moist throughout 
the first week of growth {Bot, Oaz., 99, 628-42, 1938). 

The seedling reproduction of the chestnut oak {Quercvs montana) 
is the subject of a paper by O. M. Wood in the April number of 
Ecology (19, No. 2, 276-93, 1938). Considerable losses are due to 
destruction of acorns upon the tree, but evidence was obtained 
that destruction by animals was far greater amongst the fallen 
acorns, of wliich it was estimated that 87 j>er cent., of 1080 fruits 
originally upon the ground, were destroyed in this manner. Ger¬ 
mination may be as high as 96 per cent., but great mortality from a 
variety of causes occurs amongst the seedlings, so that at the 
present time the reproduction is inadequate. Experiments showed 
that oak seedlings grew better in lightly limed soil with a pH of 
between 6 and 6 than either in the unlimed soil with a markedly 
acid reaction of about pH 4 or in more heavily limed soil with a 
reaction of between pH 6 and pH 7. 

In the same journal (pp. 188-207) O. B. Stanley discusses the 
indicator value of various tjrpes of ground vegetation in stands of 
Finns strobus in which six are recognised. The less productive are 
characterised by Cladonia-Andropogon or Va(xinium-Oanlthcriay the 
better stands by Maianthemum type, Cornus-Lycopodium type, 
Aspidium-Dicksonia type or Mitchella-Pteris type. 

V. D. Zotov {N,Z, Jour. 8ci. Tech., pp. 474-87, 1938) suggests 
the use of the mean midsummer month temperature as a basis for 
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defining the climatic vegetation belts of New Zealand. On the 
Tarurnas there is, it is stated, no correlation between the timber 
line and duration of the snow-free period, but the vegetation belts 
show marked correlation with the January isotherm. 

From a consideration of the Dicotyledonous plants which exhibit 
monoootyledonous seedlings A. W. Hill {Ann. Bot., N.S., II, 127-243, 
1938) concludes that this condition is the outcome of suppression, 
as in Cyclamen, and not of fusion as claimed by Sargant. Ficaria 
verna sometimes has two cotyledons, whilst the anatomy of the 
single cotyledon of Bunium corresponds with that of one of the 
paired cotyledons of the allied Anelhum. In tliis paper the author 
considers the seedlings of various genera of Gesneraceas. Some of 
these possess but a single cotyledon, which persists as the single 
leaf throughout the life of the plant. This is held to be an enlarge¬ 
ment of the meristematic region at the base of the cotyledon, which 
may appear as a glabrous tip more or less distinguishable from the 
hairy lamina interpolated behind. This interpretation would indi¬ 
cate a morphological equivalence to the normal phyllodic mono¬ 
ootyledonous leaf. Its pinnate venation thus has a particular 
significance, since we might expect to find a parallel veining as in 
other iKJtiolar structures. 

The range in variation of floral and inflorescence morphology 
exhibited by the members of the Betulacese is the subject of a paj^r 
by E. C. Abbe {Bot. Oaz., 99, 431-69,1938). The variations recorded 
include the presence of the median flower in the normally biflorous 
cyme constituting the partial female inflorescence of Alrnis and 
Carpinus ; the presence of tricarpellate pistils in Alnus, Betula and 
Ostryopdn ; the occurrence of hexamerous male flowers in Alnus 
and of hermaphrodite flowers in various genera. 

The morphology and phylogeny of the perianth is the subject 
of a paper by J. Mattfeld {Sonderber. d. DevMch. Bot. Oesell., LVI, 2, 
86-116), in which the view that the perianth has hewi diverse origins 
is upheld. It may be of staminal origin, derived from bracts, or be 
partly sporophyllous in origin, partly derived from leaf structures. 

The differentiation of fruit buds of apples in Australia appears 
to begin in late December or early January, and the time does not 
seem to be appreciably afiected by climatic conditions. On the 
other hand, the degree of cropping has a definite effect on the 
season of differentiation, heavy cropping being associated with an 
earlier cessation of shoot growth and earlier fruit-bud differentiation 
{Bvil. C.8.I.R., 113, 1938), 
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PLANT PHYSIOLOGY. By Professor Walter Sttles, Sc.D., F.B.S., 

The University, Bii'minghain. 

Permbability and Related Phenomena. —The complex relation¬ 
ship between the concentration of ions within and without plant 
cells, shown by Stiles and Kidd for storage tissues as long ago as 
1919, has been confirmed and examined by a number of subsequent 
workers and the phenomenon shown to be exhibited by plant cells 
and tissues of very diverse kinds. Recently D. R. Hoagland and 
T. V. Broyer (“ General Nature of the Process of Salt Accumulation 
by Roots with Description of Experimental Methods,” Plant 
Physiology, 11, 471-507, lOllO) have shown that under certain 
eAxperimental conditions potassium salts accumulate very rapidly 
in the sap of excised roots of barley. This accumulation only takes 
place in jiresence of an adequate supply of oxygen. The authors 
point out that under anaerobic conditions there is no accumulation 
of ions although there is a production of carbon dioxide, from wliich 
they conclude that the mere production of carbon dioxide does not 
account for salt accumulation. Other conditions which must be 
carefully controlled in experiments on salt accumulation include age 
of the roots and projx)rtion of active cells, the initial salt content of 
the roots and the available carbohydrate. 

Two interesting papers bearing on the salt relations of tissues 
have been published by G. F. Asprey. In the first of these (*' On 
the Relationshi}) between Exosmosis and Salt Absorption by Potato 
Tuber Tissue j^reviously treated with Various Salt Solutions,’^ 
Protoplasma, 24, 497-504, 1935) it is shown that pre-treatment of 
potato tuber tissue with chlorides of the alkali metals, sodium, 
potassium and lithium, brings about an increase in the subsequent 
absorption of ammonium by the tissue and also in the exosmosis 
of electrolytes into distilled water. Pre-treatment with calcium 
chloride, on the other hand, induces a decrease, both in the absorp¬ 
tion of ammonium and in the exosmosis of electrolytes into distilled 
water. Pre-treatment of the tissue with aluminium chloride brings 
about a decrease in the subsequent intake of ammonium, but an 
increase in exosmosis into distilled water, but, as the author points 
out, this may be related to the partial hydrolysis of the salt producing 
an acid solution. The author interprets his results as due rather to 
alterations in the permeability of the tissue than to any quantitative 
relationship between the two processes of absorption and exosmosis. 

In the second paper Asprey deals with the effect of different 
periods of immersion of potato tuber ai)d artichoke tuber tissue in 
running tap water on the subsequent absorption of ammonium 
chloride and on exosmosis of electrolytes (“ Some Observations on 
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the Absorption and Exosmosis of Electrolytes by Storage Organs 
with particular reference to Potato and Artichoke Tubers,’’ Proto- 
plasma, 27, 163-68, 1937). The general course of exosmosis by 
potato tuber into distilled water was shown to be similar to that 
observed by Stiles in 1927 for various tissues and by Briggs in 1931 
for carrot root, and the exosmosis took the same general course for 
jH'Tiods of washing varying from 24 to 119 hours, although the 
maximum amount of exosmosis was lower, and reached sooner, the 
longer this j>eriod. The absorption of the ions of ammonium 
chloride by }X)tato tul>er was found to be increased by previous 
washing in running tap water, the longer the washing, uj) to 125 
hours, t he greater the absorption of both ions. This was not the 
case with artichoke tissue, in which neither the subsequent absorption 
of ammonium and chloride ions, nor exosmosis into distilled water, 
was significantly affected by the length of preliminary washing in 
tap water. Although suggestions arc made to account for the 
differences in behaviour of the two tissues, the reasons for it remain 
obscure. 

S. C. Brooks has attempted to examine the parts played by 
l)rotopla8m and vacuole res{)ectively in the accumulation of ions by 
Valonia ventricosa (“ The Accumulation of Ions : Relations between 
Protoplasm and Sap in Valonia,'' Jo'urn. Cell, and Comp, Physiol,, 6, 
169-80, 1935). After the (yjenocyteH had teen immersed for various 
periods of time in sea water to which a certain amount of isotonic 
rubidium chloride had been added, the cell sap was separated from 
the protoplasm and cell wall and the rubidium estimated in each 
of these fractions as well as in the external solution at the end of the 
experiment. Although, owing to difficulties of analysis, exact deter¬ 
minations of rubidium in what may be called the protoplasm, failed, 
the results indicated that rubidium accumulated rapidly in the proto¬ 
plasm during the first two days, the protoplasmic accumulation 
ratio being, in these experiments, of the order of 500 or 1000, 
whereas in the sap it was about 39. After this time rubidium passed 
from the protoplasm to both sap and external solution, but owing 
to the more rapid increase in the rubidium concentration in the 
latter the accumulation ratio of the sap fell progressively to the 
twentieth day. 

Be Haan has examined the effect of various ions on the i)ermo- 
ability to water of the epidermal cells of the bulb scales of Allium 
oepa (I. de Hoan, “ lonenwirkung und Wosserpermeabilitat. Ein 
Beitrag zur Koazervattheorie der Plosmagrenzschichten,” Proto¬ 
plasma, 24, 186-97, 1935). The method employed consisted in 
plasmolysing the cells in a pure sucrose solution of concentration 
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0‘646M, and in a solution of the same osmotic strength containing 
sucrose to which a quantity of salt was added ; the latter constituted 
the experimental series of experiments, the former the control. 
After plasmolysis the control cells were deplasmolysed in a pure 
sucrose solution of concentration 0-2M, while the experimental 
cells were deplasmolysed in a solution of this same osmotic^ concen¬ 
tration, but containing sucrose and the same concentration of salt 
as the plasmolyte. The rate of deplasmolysis was then regarded as 
giving a measure of the permeability of the protoplasm to w^ater. 

The salts employed were sodium nitrate, calcium nitrate and 
cobalt ammonium chloride, each in different concentrations. It was 
found that sodium nitrate increased the rate of deplasmolysis and 
so the permeability of the protoplasm, the increase being greater 
the more concentrated the sodium nitrate in tlic solution. With 
the other salts used there was a reduction in permeability with low 
concentrations of salts, but an increase with higher contientrations. 

The effect of carbon dioxide on the exosmosis of electrolytes 
from the stems of seedlings of Lupinus albm has been examined by 
H. Kaho (“ Uber den Einfluss der Kohlensaure auf die Exosmose 
von Elektrolyten auf Stengelzellen,” Protoplasma, 27, 5()2--22, 
1937), Pieces of the stem were divided into halves longitudinally 
and the exosmosis of electrolytes from each half into water was 
examined by following the change in electrical conductivity of the 
water. After some time the half from which the rate of exosmosis 
was less was then transferred to water containing carbon dioxide, 
while the other half was transferred to distilled water. After an 
hour both pieces were then re-transferred to fresh distilled water, 
which was renewed after every hour. The exosmosis of electrolytes 
was then always found to be greater from the tissue treated with 
carbon dioxide than from the control not so treated. Kaho regards 
these experiments as demonstrating that carbon dioxide brings 
about an increase in the permeability of the cells. While this is one 
possible explanation of the fact recorded, it seems clear that, in 
view of much recent work on salt intake by plant cells, other explana¬ 
tions are at least as likely. Kaho relates his findings with records 
on the alleged influence of light on permeability, and he points out 
that workers with chlorophyll-containing cells have recorded an 
effect of light in increasing the permeability of such cells, whereas 
workers with non-green cells have not been able to find any such 
influence. The latter observation was confirmed by Kaho himself 
for the case of chlorophyll-free stems of seedlings of Lupinm alhus 
{** tJber den Einfluss ktinstlicher Belichtung auf die Exosmpse von 
Elektrolyten aus Stengekellen,’’ Protoplasma, 21, 463-6, 1937), 
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The conclusion is drawn that when chlorophyll-containing cells are 
exposed to light an increase in permeability is easier to recognise 
because, owing to photosynthesis, the carbon dioxide diffusing into 
the protoplasm also induces an increase in permeability. When this 
latter factor is not present the effect of light in increasing perme¬ 
ability has not always been observed, because when an artificial 
source of light is employed the glass of the lamp cuts off ultra-violet 
radiation, which, by increasing the degree of hydration of the plasma 
colloids, is held to bring about an increase of permeability. 

Kaho has also examined the effect of various ions on the per¬ 
meability to water of the cells of the staminal hairs of Tradescantia 
virginica (“ Ein Beitrag zur Ketmtnis der Wasserpermeabilitat des 
Protoplasmas,’' Cytologia, Fugii Jubilee Vol., 129-48, 1937). The 
method employed is quifye simple in conception. The cells are 
plasmolysed in isotonic solutions of various salts, and when plasmo- 
lysis is complete, which takes from r> to 7 minutes, the cells are 
transferred to taf) water and the time required for deplasmolysis 
noted. The differences in those times are ascribed to different 
effects of the resi>ective ions on the permeability of the cells to water. 
In general, the anions, in order of their accelerating influence on 
w^ater absorption, can be arranged in the series CNS > I > Br, 
Acetate > NO*,Cl > Citrate > Tartrate, SO*. For kations Kaho 
could not give a single series applicable to all salts. Thus for alkali 
nitrates the order was found to be Rb > K,Na > Li, and for alkali 
sulphates KjNH* > Rb, Cs > Na,Li. In comparing his results 
with earlier ones on the rate of entry of different ions into the cell, 
Kaho concludes that, considering the salts of any one metal, the 
more rapidly a salt penetrates the protoplasm the more it accelerates 
the passage of water into the cell. On the other hand, as regards 
the effect of kations, it was found that although the bivalent ions 
Mg and Ca enter cells more slowly than the monovalent K and Na 
ions, the salts of the bivalent metals have a greater accelerating 
action on the passage of water into the cell than the corresponding 
alkali salts. 

ENTOMOLOGY. By H. F. Babioss. M.A.. Ph.D., Rotliamsted Experi- 
mental Station, Harpenden. 

Qsnsbal ENTOMOiiOOY.—Reoetitly attention has been drawn 
{London Ithisl/raied News, January 1,1938, 19-20) to the phenomenal 
speed of flight supposedly attained by Gephenomyia pratti, a deer 
botfly. It was stated that the males flew at an estimated speed of 
818 m.p.h. and the females at 614 m.p.h. These statements were 
based on observations made by C. H. T. Townsend {J. New York 
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Enfu Soc„ 35, 1926, 245-52), who wrote, “ On 12,000-ft. summits 
in New Mexico I have seen pass me at an inci'edible velocity what 
were certainly males of Cephevx)myia, I could barely distinguish 
that something had passed—only a brownish blur in the air of 
about the right size for these flies and without sense of form. As 
closely as I can estimate their speed must have approximated 400 
yds. per second,'’ Irving Langmuir (Science, 87, 1938, 233 4) has 
discussed this estimated speed. He worked out that the wind 
pressure against the fly going at 818 m.p.h. would be about 8 pounds 
per sq. inch or more than hah' an atmosphere. This force unopposed 
would give an acceleration of 500 times gravity if the fly’s weight 
were 0*2 grams. The power consumption needed to maintain this 
velocity would be 370 w^atts or about one-half hor8e-j)ower. Further, 
on the basis of man’s thermodynamic efficiency, the insect would 
have to consume 1^ times its own weight each second to deliver 
370 watts. Irving Langmuir, after describing experiments with 
a piece of solder on a thread, states that the appearance of the fly 
given by Townsend seems to correspond best with a 8[>ced in the 
neighbourhood of 25 m.p.h. The power requirements of a fly at 
25 m.p.h. would involve a food consumption of about 5 [)er cent, of 
tlie fly’s body weight per hour. It is obvious, therefore, from this 
discussion, that the sf^ed of 818 m.p.h. is a ridiculous estimation 
and beyond all bounds of possibility. It is probable the fly travels 
at a speed of about 25 m.p.h. 

The nocturnal activity of insects is an intriguing subject. 
O. Park recognises four categories of activity, all of which are 
specific. The environmental type api)ear8 to l>e controlled by the 
operating environmental influences and so has an apparent rhythm 
induced by the rhythmic day-night cycle. In the inherent type, 
activity is innately rhythmic and the basic periodicity less subject 
to destruction by alteration of the environmental influences. The 
third type is the arhythmic. In this the activity is evenly distri¬ 
buted over the 24-hour cycle. The last type is composite and is 
made up of at least two of the preceding ty|)e8. In a recent paper 
(t/. Anim, EcoL, 6, 1937, 239-53) this investigator shows that the 
beetle Passalus c^rnutus is arhythmic. He also has described a new 
recording apparatus based upon the audio-frequency principle. 

R. Goldschmidt {Amer, Nat, 71, 1937, 508-14) has written an 
anticritique of certain statements in Kinsey’s “ The Origin of Higher 
Categories in Cynips ” (Science Pbogress, XXXII, 1938, 542-3). 
He points out that the actual results so far as the taxonomic side 
is concerned are identical with his ovm work on Lymantria. He 
also claims that Kinsey’s work does not throw light on the higher 
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categories, that the results of his studies do not go beyond what has 
been known in other groups, and lastly that no facts have been 
brought forward which wil! force geneticists to change their views. 

Itenewal of oxygen in the tracheae of insects is generally assumed 
to take place by diffusion, aided in some cases, e.g, dragonflies, 
gra8shof)[>er8 and wasps, by ventilatory movements of the body 
wall. The factor of oxygen diffusion through the skin has been 
neglected. G. Fraenkel and G. V. B. Herford («/. Expt. Biol., 15 , 
1938, 26(V“‘80) have carried out experiments on blowfly larvae. 
They ligatured the larvae behind the ganglion, so obtaining the 
respiration of the hind parts which represents the basal metabolism 
of the animal, and they alfio ligatured off the hind spiracles in 
addition. As a result of this double ligaturing, all respiration takes 
place by diffusion through the skin and was found to be about one- 
quarter of the basal value. There were indications that part of 
the metabolic processes are maintained by anaerobic respiration. 
The Oje tension inside the larvee was also measured. It was found 
that a much larger amount of oxygen diffuses through the skin in 
the double-ligatured tlian in normal larvae. The same investigators 
found that when insects are submerged in water their spiracles are 
not able to function and all respiration takes place by diffusion 
through the skin. Similar results were obtained using other insects, 
e.g. Chwrocampa elpenor larvae (spiracles blocked with grease) and 
Tenebrio and Culex sp. larvae (submerged in water). 

The senses of insects have been compared to those of higher 
animals by N. E, Mclndoo {Proc. Eni. Soc. Wash., 40 , 1938, 25-35) 
in a most interesting and fully documented paj^er. His final con¬ 
clusion is that man lives chiefly in a world of sights and sounds, 
while dogs and bees live mostly in worlds of odours. 

The insect fauna of cultivated and wild grasses have been studied 
in recent years by F. Venturi. The third and fourth of his papers, 
one on Agromyza mobilis and the other on Dizygomyza lateralis, are 
now to hand {BoU. Eniom. Bologna, 8 , 1936, 1-26,and 9 , 1936, 1-22). 
The insects, fungi and bacteria associated with copra are dealt with 
in Bulletin 20 of the Department of Agriculture, Straits Settlements 
and Federated Malay States (1937, 108 pp.). 

A list of the many publications of the late W. M. Wheeler is to 
be found in a recent number of Psyche ( 44 , 1937, 61-92). Naturally 
the vast majority of the papers ore concerning ants, but others relate 
to other social insects, parasitism and evolutionary phenomena. 

CoLKOFTEBA.—^A Study has been made by R. E. Campbell 
{Ecology, 18 , 1937, 479-89) of the temperature and moisture content 
of soil preferenda exhibited by wireworms. Their temperature 
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preferendum varies with the season, being higher in the summer 
and autumn as compared with that in the winter and spring. There 
were indications that the preferendum of the wiroworms does not 
change until a month or more after a higher or low temperature has 
been administered to them. While both low and high temperatures 
are inimical, there is a wide range of temperature thi'ough which the 
wireworras are active. Dry soil stimulated the wireworms to move 
downwards to a more favourable environment. 

Lepijdoptera.— The feeding mechanism of adult Lepidoptera, 
especially the means by which the proboscis is extended, has been 
studied by J. B. Schmitt (Smithsonian Misc. Coll., 97, 1938, 28 pp.). 
Blood pressure created in the stipes of each maxilla causes the 
coiled proboscis to extend. The pressure is caused by three pairs 
of muscles which by contracting press the stipes against the head 
wall. 

A comprehensive account of Gydia (Laspeyresia) funebrarui, 
the Red Plum Maggot, in Switzerland, has appeared by P. Bovey 
(Mev. Path. Veg., 1937, 189“ 317). This includes sections on 
morphology, anatomy, biology, parasites, other insects attacking 
plum and control measures. 

Hemiptera. —Instances of parental care among insects are not 
common, especially among the Homoptera. A. P. Beilmann (Psyche, 
44, 1937, 58-9) has described daily movements of young terrapin 
scale (Eulecanium nigrojasciatum) on hawthorn, followed by a 
return in the evening to the adult females under which they spent 
the night. 

In 1936 Marion A. Watson suggested that starvation of aphids 
might have some effect on their efficiency as vectors of virus. 
Recently (Proc.. Roy. Soc. Ix)nd.,Ji.,\2&, 1938, 144-70) this worker 
has shown that Myzus persicce is much more likely to transmit 
Hy 3 virus if made to fast immediately before being fed on the 
source of infection. Its efficiency as a vector increased rapidly 
during the first hour of fasting, but further periods of fasting do 
not give equally large increases in infectivity. Discussing the 
results of starvation experiments in the light of modem ideas on 
the mechanism of virus transmission, the author concludes that the 
reduction in the infectivity of the virus during transmission by 
feeding insects may be caused by contact with tr3rp8in. 

Hymenopteba. —After an extensive study of the comparative 
morphology of the male genitalia in the H 3 mienoptera, 0. Peck 
(Canad. J. Res., D., 15, 1937, 221-74) has come to the conclusion 
that in the IchneumonidsB the male genitalia and adjacent solerites 
present few if any tribal or subfamily characteristics of practical 
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value to the taxonomist since they are masked largely by specific 
variation. 

Workers on insecticides are frequently searching for more suit¬ 
able insects on which to test out the toxicity of their products. It 
is therefore of passing interest to note that honey bees have been 
used by F. C. Nelson {J, New York Ent. Soc., 45, 1937, 341-52) 
for testing liquid insecticides. Apparently, although there are some 
advantages, such as a steady available supply tliroughout the winter 
of fairly large insects of the same sex, of about the same age, and 
which are very sensitive to most nerve i>oison8, the disadvantages 
were sufficiently important to cause this insect to be replaced by 
others more suitable. 

D. Powell (Ann. Ent. Soc. Amer., 31, 1938, 44-9) has described 
the biology of a Bethylid wasp (Cephalonomia tarsalis), which is 
parasitic on the beetle Oryznephilus surinamenais. Fert/ilised females 
always deposit a male and a female egg on a single host, whereas 
virgin females only produce males. 

W. A. Dreger (Ecology, 19, 1938, 38-49), after studying the 
seasonal weight and total water content of Formica exsectoidea, has 
shown that there is no seasonal variation in the total water content 
relative to temperature. Active and hibernating ants have the 
same total water content. Reduced water content is not a causal 
factor in the altered metabolism previously shown by the same 
worker (1932) to occur in this species during hibernation. 

The chalcid, EupehneUa veaicularis, was found by K. R. S. Morris 
(Parasitology, 30, 1938, 20-32) in certain parts of Hungary infesting 
cocoons of Diprion setifer already parasitised by another chalcid, 
Micropkctron fuscipennis. Exj^eriments showed that EupelmeUa 
from these districts confines itself almost exclusively to M. ftisci- 
pennis. The stimulus which enables it to detect parasitised Diprion 
is at its maximum with the ohalcid pupse and zero with its eggs. 
One egg is laid per cocoon and the predatory larvae, after feeding on 
10 to 20 Mkroplectron larvae or pupae, kill all the remaining living 
parasites within the cocoon before pupating. 

Joyce Laing (J. Anim. EcoL, 6, 1937, 298-317) has discussed 
how a parasite finds the area in which its host occurs and how the 
parasite finds the host when both are within the same limited area. 
The insects used in the experiments were Trichogramrna evanescens, 
Alysia tnandnoaior and Mormonielia vitripennis. It is shown that 
the two latter parasites are attracted to an environment likely to 
contain their hosts by the qualities of the environment itself, inde¬ 
pendent of the presence of hosts. In a host-containing area Tricho- 
gramma evaneacens can perceive its hosts by sight. As soon as it 
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ha 4 a found a host a definite change in behaviour takes place. Instead 
of a straight or widely curving movement a spiral twisted path is 
taken. This naturally greatly increases the chances of the parasite 
running across its host. 

Diptera. —Interesting facts concerning the seasonal incidence 
and abundance of sewage flies have been described by LI. Lloyd 
(J. and Proc, Instil. Sewage Purif., Pt. 1, 1937, 16 pp.). The 8{>eoie8 
studied were Psychoda alternately P. severiniy Spaniotmna minimay 
Metriocnemus longitarsus and M. hirticollis. The thresholds of 
development and thermal constants have been worked out for all 
the phases of S. minima and the two Psychoda and also for the 
incubation and pupation of the Metriocnemus. 

A Mermis nematode worm has been found in Cori:m geoffroyi 
in the Now Forest by C. J. Banks (J. Soc. Brit. Ent.^ 1, 1938, 217- 19). 

A notable revision of the British 8}>ecies of the short-pal{>ed 
craneflies has been made by F. W. Edwards (Trans. Soc. Brit. Ent.y 
5, 1938, 1-168). Workers on craneflies are now very well provided 
for in the identification of adult craneflies since recently Audcent 
(Trans. Ent. Soc. S. Engl., 8, 1932, 1-34) dealt with the sub-family 
Tipulinae. 

V. B. Wigglesworth (J. Expt. Biol.y 15, 1938, 248-54) has found 
that the fluid present in the tracheal system of uEdes (rgypti is 
removed at hatching and moulting by an active absorption which 
only takes })lace when the respiratory siphon is open at the surface 
so that air can enter. The nervous system is apparently concerned 
in the initiation of this absorption. If first-stage larvae are kept 
under water the larvae retain the fluid in the tracheal system until 
they obtain access to the air. If they do not gain this access within 
three days, the tracheal fluid does not become absorbed until the 
first moult. Second-stage larvae must absorb the fluid within a few 
minutes of moulting or they are unable to do so. 

A few years ago H. J. Koch (1934) suggested that the function 
on the anal papillae (anal gills) of Dipterous larvae might be analogous 
to that of the renal tubules of the vertebrate kidney. If so they 
should absorb salts from the surrounding medium and secrete them 
into the general body cavity. Now (J. Expt. Biol.y 15, 1938, 
52-60), using larvae of Chironomus and CuleXy he has shown that the 
larvae take up chloride ions from very dilute solutions and also that 
this active absorption takes place exclusively through the anal 
papiUae. It had previously been shown by Krogh (1937) that the 
skin of frogs also behaves in this manner. 

V. B. Wigglesworth (J. Expt. Biol.y 15, 1938, 235-47) has com¬ 
pared the capabilities of Mdes oegyptiy which breeds in rain-water 
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in rot-holes of trees, and CuUs pipiens, wliioh breeds in small pools, 
oesspits and rain-water barrels. The Miles was more efficient in 
absorbing and retaining clnoride in dilute media, while Cvlex was 
slightly better in keeping chloride out in more concentrated media. 
In media nearly free from chloride, the anal papillae suffer functional 
hy|)ertrophy and become greatly enlarged. In more concentrated 
media they are reduced in size. It is interesting to recall that 
mosquito larvae which occur in salt water have very reduced anal 
papillae, and that species which occur in rain-water collected in 
plant cavities have large sausage-shaped papillae. 

The larvae and pupae of four identified and one unidentified 
Taehinids parasitising Pieris rapiv and P. brassicir have been 
described by G. A. Bisset (Parasitology, 30, 1938, 111-22). 

Dif)terouB parasites of spiders are rare, so it is with interest one 
can refer to a short paper by B. J. Kaston (J, New York Ent. Soc., 
45, 1937, 415-20). The author gives two further records, but the 
more valuable part of the contribution is the list of references. 

ARCHJEOLOGY. By E. N. Faixaizk, B.A. 

Recent ARCH^r^OLOoiCAL Discovery in Great Britain. —Among 
recent events of major significance in the archaeological world, the 
exhibition of finds illustrating discovery in Great Britain in the 
five-year period 1933 -38 must take a high place. The exhibition 
was hold at the Institutes of Archaeology of London University, 
Regent’s Park, London, N.W., from March 21 to May 21. It was 
notable that not only did the investigations represented cover a 
wide area, the sites being situated in over thirty counties in England, 
Wales and Scotland, with one site in Northern Ireland, but also 
every one of the main phases of the prehistoric period was covered, 
from the prepalaeolithio to Romano-British, with, in addition, some 
few exhibits from Saxon, Medieval and Stuart times. 

Apart from a methodological exhibit, the collection contained 
seventy units of exhibition, though the number of sites was somewhat 
smaller, as several sites contributed to more than one of the chrono¬ 
logical sections, into which the finds were distributed. The remark 
made by Sir Charles Peers, when declaring the exhibition open, 
on the flourishing state of archfieological studies in Britain, was fully 
justified. In mere bulk and range the exhibition was distinctly 
impressive ; but the quality of the work, which lay liehind, was 
unquestionably, from the scientific point of view, all of the first 
order. --n 

One feature of the exhibition, which made it especially attractive, 
was that an appreciable proportion of the material was derived from 
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excavations so recent as to be still unpublished, and indeed in 
some instances, still undescribed in any form. The material from 
last season’s (1937) excavations at Maiden Castle, Dorchester, upon 
which Dr. R. E. Mortimer Wheeler had reported before the Society 
of Antiquaries only a week or two before the openmg of the exhibi¬ 
tion, proved especially attractive to visitors, although the finds 
being distributed in their respective chronological sections, the range 
of the results showing the length of the period of occupation—from 
neolithic to Roman with a Saxon burial to boot, possibly made less 
impression than was its due. The evidence of caimibalism in the 
mutilated skeletal material from the neolithic mound, sho'wm recon¬ 
structed as found, with the skull which had been holed and broken 
to get at the brains, as well as the evidence of child burial from 
the same source, not unnaturally attracted much attention. These 
finds do not come from the earliest ])eriod of occupation. The 
mound in which they were found overlies the ditch of an earlier 
settlement, belonging to a simple Neolithic A village culture, which 
shows affinities with north-western France. Hero were found the 
remains of a chalk idol of the type ultimately derivative from Hither 
Asia, by way of the Mediterranean and the Atlantic coast, of 
which one example only, from Windmill Hill, was previously known 
to occur in Britain. 

In his report on these excavations Dr. Wheeler drew a graphic 
picture, based on his finds, of the last phase at Maiden Castle, when 
the fortress-city fell before the Romans—^the system of defences 
guarding the gate through which the troops broke through, the 
barrage of projectiles covering the advance, and the determined 
and savage character of the attack. Enlarged photographs in the 
photographic section of the exhibition illustrated the last-mentioned 
inference from the mutilating wounds in the skeletal remains, 
evidently hurriedly buried after the battle. 

In the following brief notes, mention will be made of one or two 
finds, only, which at present are unpublished ; but before passing 
on, attention must be directed, on account of its intrinsic interest, 
to the Selmeston site in Sussex, on which pit-dwellings of the 
mesolithic period have been scientifically investigated for the first 
time in Britain. These pits were discovered in a sandpit, and were 
excavated by Dr. Grahame Clark. They produced an extensive 
flint industry, which seems to belong to the later phases of the 
period. Remains of later cultures have been shown to be secondary, 
while sherds of Neolithic B belonged to a hearth high up in the 
filling of one of the pits. 

Several features of interest were noted in connection with the 
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excavation of the Whiteleaf barrow, Monks Risborough, Bucks, 
which is not yet complete. This barrow is situated on the ridge 
of the Chilterns, and is kidney-shaped, hollow on the eastern side, 
and surrounded by a ditch. An inner mound of earth is revetted 
with large timbers. In the cjcntre opening, towards the hollow 
eastern side, was a small wooden chamber containing an intact left 
foot. The rest of the burial, that of a dolichocephalic male aged 
thirty-five, had been shovelled out and lay in confusion ; but no 
second burial had been made. Around the chamber were pits cut 
in the chalk. These were sterile of artefacts. One pit was deep, 
and packed with clay and flints, with a central filling of sand from 
the plain below. The pottory is of Neolithic A ty})e, linking with 
the Upper Thames valley and the Cambridge district, but upstanding 
lugs have no British, but western Mediterranean affinities. 

Among exhibits of Middle and Late Bronze Age date were 
antiquities from two liitherto unrecorded mounds in Wales, which 
were examined by Sir Cyril and Lady Fox in 1937, on behalf of the 
National Museum of Wales. These have since been described by 
Sir Cyril Fox before the Society of Antiquaries. They are situated 
near Bridgend, Glamorgan. The Simondston Cairn, Coity, consisted 
of a barely perceptible mound, which covered the scanty remains 
of a cairn 43 ft. in diameter. There was a central cist, one stone 
of which was cup-marked. The cover stone had been removed ; 
but the contents had not been disturbed. They were two uma of 
enlarged food-vessel type, containing respectively the bones of an 
adult, and an adult and child, near the former of which was a 
flint-flake knife, and near the latt-er a flint fabricator and a natural 
cup, part of a nodule of pyrites. Possibly these are symbolic articles 
suitable to man, woman and child. Subsequently the cairn, possibly 
in the next generation, was used as a cemetery. Five cremation 
burials were found, within one of which was evidence for the use 
of coal as fuel, probably the earliest known use in Britain. 

The Pond cairn, the second of the two cairns, is situated half a 
mile away from the Simondston cairn. Its structure and the ritual 
acts, which this connotes, are alike unusual and indeed remarkable. 
Near the centre was a rook-cut pit, probably dedicatory, filled with 
stone, and containing the scattered burnt bones of a effild. Beside 
it and on ground level in the centre of the mound was an overhanging 
rim um of about 1400 b.o., containing the principal burial. Covering 
it was a heap of stones beneath a vertical-sided turf stack. A basin 
with projections, phallic in plan, and lined with charcoal, fronted 
the urn. Around the turf stack ran a continuous turf ring of about 
60 ft. diameter. After this ring had been completed charcoal was 
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scattered over the floor of the interspace and trodden hard, pre¬ 
sumably in a ritual dance. A hole in the broken inner wall-face of 
the ring contained a greasy black mass, the remains of vegetable 
matter, among which were found grains of wheat, probably TritUmn 
vvlgare, barley, and cheat or chess, a weed of cultivation. These 
grains are believed to be the first scientific record of Bronze Age 
food-grains in southern Britain. Fourteen hundred years later the 
site was occupied by Romano-British squatters, who left wheat 
and barley by the side of their fires. The unusual tyjKj of the Pond 
cairn finds affinities in Devonshire, which is the probable proximate 
source of the culture it represents. The Pond cairn and the second¬ 
ary material at Simondston, Sir Cyril Fox concludes, represent an 
intrusion across the Severn sea into the Glamorgan sea-plain. 

The excavation of Soldier’s Grave, Nympsfield, Gloucestershire, 
a much-ruined cairn situated about 230 yards north of the Nyrai)a- 
field long barrow, was found on excavation by Mrs. E. M. Clifford 
to cover a rock-cut, boat-shaped tomb, unique in this country. 
Pottery, apparently of Bronze Age date, was found on a ledge, 
which carried the slabs of stone used to roof the tomb. 

[In this connection it is interesting to note in parenthesis that a 
barrow excavated by Mrs. Frank Elgee, Loose Howe, overlooking 
Rosedale, in Yorkshire, was found to contain a burial in a coffin 
composed of two canoes with a third canoe by its side. Associated 
with the burial was a bronze dagger. This find is unique, and is 
interpreted as an indication of a Bronze Age canoe ritual at present 
otherwise unknown to archaeology.] 

One of the most interesting exhibits in the section of the Iron 
Age illustrated a problem of which the solution was for long a puzzle 
to archseologists, more especially in Scotland. This was the occur¬ 
rence of vitrification in stone forts. At Ffridd Faldwyn Camp, 
Montgomery, excavated by Mr. B. H. St. J. O’Neil, a mass of 
vitrified material was found. The native rock, Wenlock Shale, is 
unsuitable for dry-walling, and masses of stone fragments with soil 
had been heaped up to form a rampart, held in place by timbers, 
The whole construction had then been burnt slowly at a high 
temperature. The resultant mass resembles clinker. With the 
material from this site was exhibited vitrified material from an 
Iron Age hill fort at Dunagoil, Bute, and a specimen produced 
experimentally by Mr, Wallace Thomeycroft at Plean CoUiery, 
Stirlingshire. 

Mention of one further site must conclude an inadequate account 
of a remarkable ooUeotion of archseological material. At Castle 
Dore, Golant, Cornwall, Mr. C. A. Ralegh Radford has now com* 
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pleted thfl excavation of the ring fort lying beside the ancient 
transpeninsular ridgeway, about 3 miles north of Fowey. Occupa¬ 
tion covers a period extending from the Bronze Age to !^man times 
and then, after a period when the site was deserted, to a reocoupa- 
tion, of which the date suggested by fragments of pottery and 
beads is in the fifth or following centuries. The interest and 
significance of the site in relation to the trans-Comish trade-route 
in early days has been somewhat obscured by the attraction of its 
recognition as the palace of King Mark of Arthurian legend, in which 
that monarch is associated with Tristram and Iseult. The identi¬ 
fication is upheld by the appearance of Mark’s name on a contem¬ 
porary gravestone found near by. 

AacHiSOLOOicAL Studibs tN iBBiJiND.—The recent activities of 
archscologiets in Ireland challenge comparison with those of their 
colleagues in Great Britain ; but in Ireland they have had the inestim¬ 
able advantage of assistance from public funds. Since 1934 in 
the Free State and 1936 in Northern Ireland, the respective Govern¬ 
ments, with a vision and judgment, which by archaeologists must 
be deemed worthy of all praise, have made use of part of the funds 
available for the relief of unemployment in conducting archaeological 
excavation upon a systematic plan under the supervision of advisory 
boards with expert knowledge. So far twenty-six excavations have 
been carried out in the Free State in four years, several extending 
over more than one season, nearly all devoted to sites of outstanding 
importance, and supervised by some fifty experienced archaeologists. 
The stimulus to develop archaeological studies in this manner wa« in 
part supplied by the remarkable results achieved by the Harvard 
University archaeological expedition to Ireland, which for five 
successive years oaurried out excavations on a scale and by 
scientific methods, such aus haad not been attempted previously in 
Ireland. 

The results achieved by Irish archaeologists in the last five years, 
for the most part under the Governments’ schemes, have been 
reviewed recently by Dr. Adolf Mahr, Keeper of Antiquities and 
Director of the Nationad Museum of Ireland, in a i^sidentiad 
Address to the Prehistoric Society, which in itself is a remau-kablo 
piece of archesologioal analysis and exposition (Proc. Prekist. Soe., 
1937, pp. 261-466). 

Some indication of the possibilities which Ireland holds out to 
the archasologist are afforded by a piece of cartographical survey 
work which has been carried out under the supervision of Miss M. 
Gaffikin on behalf of the Belfast Naturalists’ Field Club. This 
survey is to record the monuments, arohssologioal sites, and 
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antiquities generally of Northern Ireland. The first results to be 
published are accompanied by two distribution maps, which include 
(1) megalithio monuments and (2) raths, cashels, and orannogs. 
Some 600 megaliths have been listed, and about 2000 later monu¬ 
ments, though it is recognised that the lists are not complete. It 
will be noted that the Free State is not touched. Nothing has as 
yet been done for that part of Ireland on these lines. 

Another branch of enquiry which has already produced material 
of great moment for prehistoric studies, and will become increasingly 
significant, is the chronological investigation of the peat by pollen 
analysis. As a large proportion of the antiquities salved in Ireland 
come from finds in the peat, the importance of this investigation 
needs no emphasis. The investigation of the peat in Ireland 
by pollen analysis began in 1928 with the researches of Dr. G. 
Erdtmann. It is now being continued by Dr. K. Jessen of CJopen- 
hagen under the Quaternary Research Committee. Dr. Jessen is 
engaged in examining specimens from the deposits of sixty sites, 
mostly archeeological. Up to the present, tentative conclusions 
have suggested a datum line for the chronology of post-glacial 
deposits, which gives point to studies of the retreat of the ice-sheet. 
In the chronology of later periods, the investigations made by Dr. 
Jessen up to the time of writing dealt with a period identified as 
the beginning of the Late Bronze Age, for which, however, a date 
very much later (i.e. about 400 b.c.) than that accepted by arciueolo- 
gists (about 900 b.c.) is suggested. It is evident that further 
investigation is needed. 

No attempt will be made here to summarise the mass of detailed 
evidence from excavation with which Dr. Mahr has dealt so ably. 
For this reference must be made to the address itself. He himself, 
however, has singled out four major results, which emerge. Of 
these, three are due to excavation, while the fourth, for which he 
is responsible, is the result of careful analysis and comparison of 
museum material. 

The first point to which Dr. Mahr directs attention emerges from 
the investigations in Northern Ireland, and more especially of the 
“ homed ” oaim by E, Evans and O. Davies. By these not only 
have our ideas as to the cultural position and distribution of an 
almost forgotten but very important class of megalithio monument 
of Ireland, north of the central plain, been advanced, but a hotly 
contested question of megalithio architectural typology and develop¬ 
ment in Ireland has been settled and a whole class of north-western 
monuments has been placed in true generic position. 

Secondly, it has been shown that the souterrain, and hence tlm 
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MBd^ Bronse Age. 

Thirdly, at least one oran log has been shown to be of Late Bronze 
Age date. This is the site at Knooknalappa, Co. Clare. The oldest 
previoasly known crannog was of La Ttoe dating. 

And fourthly, a hitherto unobsenred cultural facies has been 
recognised, to which Dr. Mahr has given the name of the “ River- 
ford ” culture, or people, so-called on account of the fact that finds 
of this lithio culture have been made either at fords, or dredged 
from river waters at such points. The differentiation of this culture 
started from a stone club found in the waters of the river Barrow, 
but its focal point in Ireland is the river Bsnn. Dr. Mahr suggests 
that this culture, which he associates with salmon fishing, is to be 
traced through northern Britain to the cultiuo centring in northern 
Europe around the Baltic, to which Professor Gordon Childe has 
given the designation of “ Forest Culture.” Dr. Mahr discusses 
further the possibility of identif 3 dng the people with the Piets. 

In connection with a discussion of the Celtic problem, Dr. Mahr 
sets out the succession of archsaological facts bearing on immigration 
into, or invasion of, Ireland as follows : 

(1) A mesolithic stratum (Glenarm, etc.). Probable source, the 
western Continent. Route : South Britain. 

(2) Another lithio stratum, the Riverford people or the Piets. 
Ultimate source ; Maglemose culture, somewhere abound Denmark. 
Route : Dogger Bank-Sootland-Hebrides. 

(3) The Megalithio invasion, heralding the Bronze Age. About 
2100 B.c. Source, Iberia. Route : Brittany-Comwall-Irish Sea. 

(4) The Late Bronze Age invasion. About 900 B.o. Source, 
Middto (and Lower t) Rhine and Eastern plus Northern France. 
Route; Lowland Biitain-Cumberland-Wigtownshire. 

(6) Hie La T4ne wave. About 200 or IfiO b.c. British Celte 
coming from Wigtownshire. Occupied only a limited district ol 
north-eastern Ireluid. 

In reference to (8), it is suggMted that this was mainly a non- 
Aryan httvasion; and many of the non-Aryan traits of ancient 
Irdand must be due to it. 
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The Sodium Lamp (F. A. V.) 

In the December 1937 number of Philips Technical Review is 
an interesting STirvey by Dorgelo and Bouma of the problems 
encountered in the development of sodium vapour discharge lamps. 
Since the vapour pressure of sodium at room temperatures is so low 
that no discharge can occur, the lamp is provided with a rare gas 
filling, which makes ignition possible. The gas discharge then 
heats up the walls of the tube until the vapour pressure of the 
sodium becomes high enough for the radiation from it to 
predominate. Two problems arise immediately. The heat insula¬ 
tion must be such that the working temperature can be maintained 
economically, and a glass most be found which does not quickly 
go brown under the action of the hot sodium. The first problem 
is solved conveniently by surrounding the lamp with a removable 
double-walled evacuated glass container. Mounting the lamp 
permanently in an evacuated bulb gives a simpler construction, 
but then this lamp has to be replaced as a whole, while the removable 
vacuum glass can be used again with another discharge tube. 
Moreover, the circulation of air between the vacuum glass and the 
lamp promotes uniformity in temperature. To remove the second 
difSculty, ordinary glass is coated with a thin layer of a borate 
g^ass, which is not attacked by sodium but is difficult to work with 
by itself. 

For use on alternating currents the lamp, is in the form of a 
tube (like a neon sign), bent into a U, so that the connections for 
both electrodes are in one cap. These electrodes are spirals of 
wire, exactly similar since each has to serve as anode and cathode 
in alternate half-cycles. They are kept hot by the discharge. 
The temperature of the discharge tube must be within the 
260°-280® C., and it is particularly important for the temperature 
along the tube to be uniform, to prevent uneven distribution of 
sodium. To help this, the leads are taken directly through the 
bulb without the customary “pinch,” around the base of.which 
condensation of sodium may occur. A 100-watt lamp takes 0<6 
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amp. at 170 'rolta, supplied by a speoially designed tnuudbrmor in 
which magnetic leakage paths are arranged to help to keep the 
discharge current constant The brightness of the lamp is then 
insensitive to fluctuations of mains voltage. The efficiency is 
about 68 lumens per watt. 

Since the light from a sodium discharge covers a very narrow 
wavelength band (6890 and 6896 A), these lamps can be employed 
only when colour values are not important. On the other hand, 
the acuity of vision is found to be considerably greater than with 
light from an ordinary metal filament lamp. Thus the lamps ewe 
very useful for lighting tennis courts, for inspection of small articles 
in some commercial processes, and similar purposes. Their use for 
flood-lighting effects is well known. 

Natural Reproduction in Salxnonidea (W. L. C.) 

The discussions and investigations on the merits of the natural 
as opposed to the artificial methods of reproduction in salmonidee 
have received a valuable addition in a recently published New 
Zealand paper.* Mr. Hobbs is Field Biologist to the Fresh Water 
Research Committee, Canterbury College, Christchurch, and has 
been at this investigation for two years. Natural spawning redds 
were marked out, and systematically examined so as to determine 
the extent of fertilisation of the eggs, the percentage of eggs that 
hatch, and the percentage of free-swimming fry produced. The 
result is a report that, in many respects, will surprise the advocates 
of the artificial method, since it shows how wonderfully efficient the 
natural reproduction is, if violent floods do not excavate the gravels 
in which the eggs are buried. It is shown also that ordinary floods 
do not distxirb the redds materially, but those that carry down 
fine silt which is deposited on redds are almost as injurious as the 
floods of imusual violence which carry away the gravels altogether. 

In the salmon {Onehorynchus tschawytacha, a Bed Indian speoifio 
title) the loss through unffirtUisation was 1-76 per cent, in one of 
the streams and the total loss up to hatching only 2*74 per cent. 
In another stream where there was an exceptional flood, the total 
rose as high as 11 *99 per cent. 

The efficiency in fertilisation of brown trout eggs was 99 per 
oent., and any losses were found to be greater in the pre-eyed stage 
than later. The salmon disease fungus Saprolegnia was found to 

* Natural Beproduetion of Quirmat Salmon, Broum and Bmhbow Trout, ta 
twtam New Zealand Watera. By Derisley F. Hobbs, New Zealand Marine 
l^><9»«rianent, Wellington, 1937. 
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be responeible for losses of ova at late stages. But hatohing was 
most suooessful. 

The streams, in the belt of country dealt with, showed a great 
variety of character—^the rivers from Christchurch on the Padfio 
side to within a short distance of the Tasman Sea in Westland—and 
they have their origins in the foothills of the Southern Alps. 

The range of the incubation period seems to us very great in 
view of the temperatures, being from 81 to 32 days at 12*2° C. up 
to 115 to 165 days, when the temperature was 2'8° C. Observations 
were made on 104 Quinnat redds in three streams, and samples 
totalling 16,262 eggs and 4146 alevins were obtained from forty-one 
of the redds. 

The paper is described as a preliminary one, but like the results 
obtained in British Columbia by Dr. Foerster it already gives pause 
to those who have advocated hatchery methods. 

Recent Work on Rhenium (G. D.) 

Rhenium, the element of atomic number 76, Mendel^ef's dvi- 
manganese, was discovered in 1925 and the various advances in 
knowledge of its properties and compounds have been recorded 
from time to time in Scibncb Pboobbss [1]. 

The early work was hampered by lack of material but after its 
isolation in relatively large amounts by Feit [2] in 1930, from the 
sulphide residues left from working up molybdenum ores in certain 
metallurgical processes,* much progress was made in the elucidation 
of its reactions and its chemical and physical properties. 

During the last two years further advances have been made. 
Thus, certain organic derivatives have been isolated and a number 
of researches throwing light upon the valency of this congen«r of 
manganese have been published. Curiously enough, nothing further 
has apparently been accomplished concerning masurium, the dis¬ 
covery of which was reported with that of rhenium in 1925 [3]. 

Until the end of 1937 some six oxides of rhenium had becm 
reported, the lowest of which was the sesqui-oxide, Re«0t, whi<di 
suggested that rhenium had a minimum valency of three and a 
probable maximum of seven (from BeaO,). But Young and Irvine 
{4] have produced evidence of the existence of still lower oxides. To 
these they assigned the formula), RotO, 2H(0 and ReO, HfO, so 
that rhenium now has a full range of compounds in which the 
element exhibits valendes from one to seven : 

* The association of rhenium with molybdenum bad bem antidpated by 
F. H. Loring, Ohem. Newt, 1926, 133, 866. 
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The monoxide, RciO 2H,0. has been obtained in 26 per cent, 
yield by reducing perrhenio acid with zinc and dilute hydrochloric 
acid. The black product weus purified and distinguished fi»m 
rhenium, the dioxide and the sesqui-oxide. Its rhenium content 
was estimated by oxidation to perrhenio acid and precipitation with 
nitron. The valency of rhenium was found by measuring the 
oxygen absorbed when the oxide was heated in the gas in a closed 
system, the final product being rhenium heptoxide. 

The oxide of bivalent rhenium was also prepared by reducing 
perrhenio acid but with cadmium instead of zinc. Its composition 
was established by the same procedure. 

Another important investigation on the reduction products of 
perrhenio acid and its salts has recently been made by Lundell and 
Knowles [6], who used the Jones reductor method (zinc amalgam). 
By this means the halogen oxy-aoids are reduced to the hydracids ; 
e.g. periodates are converted into iodides. With potassium per- 
rhenate these authors found that the reaction followed the course : 

R0O4- + 8H+ f 8 e - Re- + 4H,0. 

The product should therefore be hydro-rhenio acid, HRe, but no 
compound of this nature was actually isolated although the authors 
consider that the element forms a compound in which its valency 
is minus one. 

Considerable importance is now being attached to the valency 
shown by rhenium in its complex compounds. The existence of 
several oxychlorides «md such compounds as potassium oxy-rheni- 
chloride, KfReOCl*, discovered by Jakob and Je£owska [6], has 
caused much speoidation oonoeming the moat usual valency shown 
by rhenium. The latest oontribution to the subject is a lengthy 
paper by Holemann [7], irho has directed attention to the pre¬ 
valence of pentavalent rhenium in its stable and complex compounds. 
^Tkis invest%ator has extended earlkff work [8] on the oxythiooyanate 
8Ad prepared coloured double salts (piecii^teB) with silver, copper 
(Cu* and Oo“), moroury (Hg* and ^■'), thallium and lead. These 
Wits were nott however, obtained frM from impurities but the 
wldenoe ptdnted to the existence of pentavalent (and not hexa- 
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valent) rhenium compounds. The complex oxythiocyanates could 
be prepared equally well from potassium oxy-rhenichloride or the 
perrhenate by interaction with ammonium thiocyanate in the 
presence of stannous chloride and hydrochloric acid or of hydrazine. 

The conclusions formed by Holemann are in accord with the 
recent isolation of iodorhenic acid, HRelj, by Biltz and his colla¬ 
borators [9], who obtained this acid by the action of sulphuric 
acid upon potassium rheni-iodide : 

KaRoIe + HgS04 - K8SO4 + HI + HR0I5. 

The new acid was extracted with ether, the remaining products 
being soluble in water, and its composition was determined. 

The organic derivatives of rhenium have not attracted much 
attention, but trimethyl rhenium, Re(CH8)8, has been obtained 
[10] from the trichloride by treatment with Grignard s reagent. 
Ethoxides and i^opropoxides, Re(OR)j, and compounds of the 
trichloride with alcohols, ReClsROH, have been described [11]. 
The former, which are only stable in dry air since water readily 
decomposes them, were obtained according to the reaction: 

ReCl, + aNaOCjHfi - ReCOCgH^), -f 3NaCl. 
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Miscellanea. 

The following were elected to be fellows of the Royal Society 
at the meeting held on March 17 :—G. D. Bengough, consultant to 
the Chemical Research Laboratory, Department of Scientific and 
Industrial Research ; C. H. Best, professor of physiology, University 
of Toronto; W. Brown, professor of plant pathology, Imperial 
College of Science and Technology; J. W. Cook, professor of 
chemistry. Royal Cancer Hospital; T. L. Eckersley, research 
physicist, Marconi's Wireless Telegraph Co.; G. I. Finch, professor 
of applied physical chemistry, Imperial College of Science and 
Technology ; W. E. Gye, director of the laboratories of the Imperial 
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Canoer Research Fund ; W. V. D. Hodge, Lowndean professor of 
astronomy and geometry, University of Cambridge ; J. S. Huxley, 
secretary of the Zoological Society of London ; J. Jackson, H.M. 
Astronomer, Cape Town ; Sir Ro^rt Mond ; J. E. Richey, H.M. 
Geological Survey ; F. S. Russell, naturalist at the Marine Biological 
Association ; B. F. J. Schonland, professor of physics, University 
of Cape Town ; F. S. Sinnatt, director of Fuel Research, Department 
of Scientific and Industrial Research ; K. M. Smith, senior research 
assistant, Plant Virus Station, Cambridge ; E. Stedman, chemist, 
University of Edinburgh ; C. E. Tilley, professor of mineralogy 
and petrology, University of Cambridge ; W. E. Turner, professor 
of glass technology, University of Sheffield ; H. H. Woollard, 
professor of anatomy. University College, London. 

H.M. the King has approved the award of the Founder's medal 
of the Royal Geographical Society to Mr. J. Rymill, for his organ¬ 
isation and leadership of the British Graham Land Expedition 
1934-37, and of the Patron’s medal to Mr. E. Shipton for his 
explorations in the Himalayas. 

The Kelvin gold medal for 1938 has been awarded to Sir Joseph 
Thomson in recognition of the eminent services he has rendered to 
engineering science. 

The gold medal of the Royal Society of Medicine awarded 
triennially for services in the science and art of medicine has been 
presented to Prof. Wilfred Trotter, director of the surgical unit at 
University College Hospital. 

The Council of the Institution of Mechanical Engineers has 
decided to give its highest award, the James Watt gold medal, 
to Mr. Henry Ford, who was nominated by the American Society of 
Meohanioal Engineers. 

Among other medals awarded during the past quarter were the 
following : Institute of Metals medal to Sir William Bragg ; gold 
medal of the Linnean Society to Prof. Sir D’Aroy Thompson ; gold 
medal of the Institution of Mining and Metallurgy to Prof. S. J. 
Truscott; Bessemer gold medal of the Iron and Steel Institute to 
Dr. C. H. Desch ; James Alfred Ewing medal of the Institution of 
Civil Engineers to Mr. C, S. Franklin ; Redwood medal of the 
Institution of Petroleum Technologists to Dr. A. E. Dunstan. 

Sir Albert Seward has been appointed to be a trustee of the 
British Museum. 

Prof. W. L. Bragg, N.L., F.R.S., has been appointed to the 
Cavendish chair of experimental physios in the University of 
Cambridge, while Prof. R. H. Fowler, M.A., F.R.S., suooeeds him 
as Director of the National Physical Laboratory. 
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Mr. N. K. Johnaon, Chief Superintendent, Chemioal Defence 
Research Department, has been appointed to succeed Sir George 
Simpson as director of the Meteorological Office. 

Professor I. M. Heilbron, F.R.S., Sir Samuel HaU professor of 
chemistry in the University of Manchester, has been appointed to 
the chair of organic chemistry in the Imperial College of Science. 

We have noted with great regret the announcements of the death 
of the following well-known scientific workers : Mr. D. Baxandall, 
of the Science Museum, South Kensington ; Mr. W. H. B. Cameron, 
physicist, of Sheffield University ; Sir Raymond Crawfurd, registrar 
of the Royal College of Physicians and Surgeons ; Prof. A. Fischel 
of Vienna, editor of the Zeitschrift filr Wisseyischaftliche BioJogie ; 
Mr. T. W. F. Gann, archaeologist; Dr. E. Goulding, formerly vice- 
principal of the Plant and Animal Products Department, Imperial 
Institute ; Dr. G. B. Grinnell, naturalist, of Yale University ; Mr. 
F. J. Hanbury, botanist, chairman of Messrs. Allen & Hanbury, 
Ltd. ; Prof. D. W. Bering, physicist, of New York ; Mr. M. W. 
Hilton-Simpson, anthropologist; Major F. G. Jackson, explorer ; 
Prof. G. Jager, physicist, of Vienna ; Dr. Charles Lallemand, presi¬ 
dent of the International Union of Geodesy and Geophysics, 1919- 
33 ; Major A. D. Lumb, geologist, of the Imperial Institute ; Mr, 
J. E. Marsh, F.R.S., of the University Museum, Oxford ; Prof. 
F. Mesmil, of the Pasteur Institute, Paris ; Mr. Edward Meyriok, 
F.R.S., lepidopterist, of Marlborough College ; Mr. A. E. Munby, 
architect; Prof. Max Neisser, bacteriologist, of Frankfort; Dr. F. G. 
Pease, of Mount Wilson Observatory ; Capt. T. S. Taylor, founder of 
Taylor, Taylor & Hobson, Ltd. ; Mr. T. H. D. La Touche, geologist. 

It is announced that the Australian Government will invite 
six of the leading scientists in Britain to attend the jubilee meeting 
of the Australian and New Zealand Association for the Advancement 
of Science to be held in January 1939. 

The University of Oxford has received £426,000 as a result of 
its appeal for an endowment fund made a year ago. It is now 
asking for an additional £260,000 to form a research fund for human¬ 
ities and natural science (£100,000), to build new laboratories for 
physiology and botany (£100,000), to complete and maintain 
the physical chemistry laboratory (£36,000), and to extend the 
Ashmolean Museum (£16,000). 

WilUams and Pickup (Nature, April 16, May 7) have obtained 
results which tend to confirm the existence of particles of mass 
intermediate between that of the electron and the proton in the 
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oosmio ray stream. Tracks ptesumably due to such particles were 
obtained in four out of several hundred cloud chamber photographs 
obtained in the course of an investigation designed to determine the 
^ture of the cosmic ray particles. Three of these tracks could be 
attributed to particles of mass about 200 times that of the electron 
ntf (the charge being negative in one case and positive in the other 
two), while one indicated the presence of a particle of mass greater 
than 430 mg- The first suggestion that such particles may exist was 
made by Neddermeyer and Anderson in 1937. Street and Stevenson 
(1937) obtained results which could be explained by the existence of 
a negative particle with a mass (130 ± 25 per cent.)mg. Nishina, 
Takeuchi and Ishimiya (1937) obtained indications of particles of 
both signs having masses about one-seventh to one-tenth of that of 
the proton, while Ruhlig and Crane (1938) considered that certain 
tracks which they obtained might be due to a positive particle of 
mass (120 ±: 30)mg. 

In Nature (March 26) H. E. Ives of the Bell Telephone Labor¬ 
atories stated that, by using a new type of canal-ray tube devised 
by Dempster, he has succeeded in measuring the transverse Doppler 
effect in these rays and that the results are in complete agreement 
with the Larmor-Lorentz theory. 

Water Pollution Research Technical Paper No. 7 (H.M. Stationery 
Office, 308.) contains a detailed description of the results of a 
chemical, hydrographical and biological investigation of the effects 
of the discharge of crude sewage on the magnitude and nature of 
the deposits in the Estuary of the River Mersey. The population 
concerned is nearly 1| millions and from 30 to 40 million gallons of 
sewage (180,000 to 240,000 cubic yards) are discharged into the 
Estuary per day. The capacity of the Estuary decreased by about 
62 million cubic yards during the period 190^31, and it had been 
suggested «hat sew^e might be responsible by causing the deposition 
of mud of too glutinous a nature to be eroded by the tidal rtreams. 
The investigation has taken four years and cost £26,000, but it has 
shown that the sewage has no appreciable affect on either the 
magnitoide or the hardness of the deposits. The capacity of the 
'^jtersey Estuary fluctuates—^it increased by 12 million cubic yards in 
fihfe'five years 1631-36—and the decrease in the previous quarter- 
century was due to the deposition of sand in the deeper parts. It 
is anticipated that many of the results of the experimental work 
carried out during the investigation will be of great value in other 
water problems. 
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A note in the Bulletin of the Imperial Institute, October- 
December 1937, gives an account of the attempts which have been 
made to find oil in the United Kingdom. The D'Arcy Exploration 
Co. abandoned its Portsdown boring after reaching 6556 ft. and 
another near Henfield at 5105 ft., while a boring at Kingsolere, near 
Newbury, had reached 4684 ft. early in December without yielding 
any signs of oil. Other deep bores are being made at Aislaby-in- 
Eskdale and at Cousland near Edinburgh. Shallower bores, already 
abandoned, were made at Toxweil near Worthing, at Poxwell, at 
Broad Bench in Kimmeridge Bay, at Pevensey and Ham. The 
Anglo-American Oil Co. abandoned its boring near Hollingly at 
3506 ft. and in December had reached 1770 ft. near Dalkeith. 
Steel Bros, have penetrated 400 ft. through the Lower Carboniferous 
strata at Upper Booth, Derbyshire, and the Gulf Exploration Co. 
(Great Britain), Ltd., holds prospecting licences over large areas in 
Kent, Sussex, Wiltshire, Dorset and the Yorkshire Moors. 

Another note in the same number of the Bulletin gives an account 
of the use of aeroplanes to convey machinery and other equipment 
over the mountainous and tropical country between the Port of Lae 
in New Guinea and the Bulolo goldfield 35 miles away. It is stated 
that from April 1931 to December 1936 three aeroplanes conveyed 
17,255 shoit tons without accident to personnel at a cost, excluding 
depreciation, of about £10 per ton. 

The Bell Telephone Laboratories Record for February 1938 con¬ 
tains a useful account of the origin and nature of the decibel and 
phon written by Harvey Fletcher. In the March number R. M. 
Bozorth describes the preparation and properties of a hollow rect¬ 
angle of permalloy possessing a maximum permeability of 1 *33 x 10* 
gauss per oersted, the coercive force being 0 0007 oersted and 
the remanence 10,400 gauss. The rectangle was cut from a 
single crystal of permalloy containing 66 per cent, nickel, the direc¬ 
tions of the cuts being parallel to the three cubic axes of the 
crystal. 

Sandsy Clays and Minerals for April 1938 contains, in addition 
to the usual articles dealing with the subjects indicated by its title, 
two others of historical interest. The first is a price list of the 
'' Philosophical, Optical and Mathematical Instruments Made and 
Sold by Benjamin Martin, At his Shop, the Sign of Hadley’s 
Quadrant and Visual Glasses, near Crane-Court, in Fleet Street,” 
and Mr. Thos. H, Court, by whose permission it is reproduced, 
puts the date as 1764-65. The numerical prices are in most oases 



NOTBS 


139 


not very different from those onrrent to-day ; e.g. a large air pump 
oost £16 15s., prisms from 5s. to £1 10«.; “ Nose Visual Glasses,” 
2s. 6d., but with the best Pebbles, in Temple Frames, 16«. 
Exceptionally “ Fahrenheit’s Thermometer ” was priced at £1 16«., 
or, in pocket size, £1 Is. Martin also supplied books and maps, and 
a map “ of 20 Miles round Lomlon ” could be had for 5d. There 
is a warning against “ Jews, Pedlars, Ac.” who sell Visual Glasses 
marked with the initials B.M. “ too bad for any but themselves to 
recommend,” and a note that “ Good allowance will be made to 
merchants and others who sell again. ...” 

The second article is an extensively illustrated account of Early 
Technical Balances by A. Barclay, Keeper in the Science Museum, 
London. It opens with a description of the three balances described 
by Agricola in his De Re Metallica, and closes with an account of the 
precision balance built by Bamsden for the Royal Society in 1789. 
One other article may be mentioned, that by F. H. Cotton, describing 
the effects of various Rubber Fillers, which, inter alia, forecasts 
great developments in the use of mixtures of latex and cement for 
domestic and other flooring. 

Bentley House, the new London headquarters of the Cambridge 
University Press, was formally opened on February 24. It is 
to be used for the publication side of the business, handling 
books only when they have left the binders. The editorial work 
and the printing is still carried on at Cambridge and the Syndics 
of the Press retain responsibility for the works which it issues. The 
fa9ade of the new premises, facing Euston Road, described as being 
“ intentionally academic,” is well designed to attract the attention 
of the passer-by ; the interior a model of luximious efl&oiency. The 
Library, a magnificent chamber, 60 ft. x 30 ft., carried out in 
English sweet chestnut, contains a copy of each of the books in the 
catalogue, the earliest being Key’s liKtures on Divinity, dated 1841. 
The basement alone houses 600,000 volumes, and the total accom¬ 
modation for the bound stock extends to 60,000 cu. ft. of rack 
space. 

The brochure, issued on the occasion of the opening, contains 
a history of the Press from its inception as a department of the 
University by Richard Bentley to the present day. It includes 
Newton among its authors, Bentley having provoked and, by 
perseverance, secured the publication of the second edition of the 
Principia. This edition was printed by Cornelius Crownfield, 
printer to the University of Cambridge, but Bentley took the whole 
of the profits—^Newton explaining how ho came to allow Bentley 
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to print the work by the remark “ he was covetous, and I let him 
do it to get money.” ^ 

At the beginning of the nineteenth century “ Bibles and Prayer 
Books constituted the chief stock-in-trade of the Syndics,” who sold 
their wares through London booksellers. Apparently there were 
financial troubles, for the Royal Commission of 1850-62, in its report 
on the University, “ expressed the view that the Press could not 
be expected to pay its way unless some man of business had a 
financial interest in it.” Acting on this opinion, the University 
entered into partnership with C. J. Clay, and it was during this 
partnership with Clay and his sons that the modern developments 
of the Press were begun. The first publishing house was established 
in the ground floor and basement of 17, Paternoster Row, in 1873, 
the catalogue comprising only 100 items. It now contains 6000, 
and it is not unusual to despatch more than 1000 packages in a 
single day. Indeed, one day, in Christmas week, 1030, 2800 copies 
of Jean’s The Mysterious Universe were sent out. In addition to 
its trade in books, secular and otherwise, the Press has been entrusted 
with the publication of 27 Journals (including the Proceedings of 
the Royal Society) and sends out some 70,000 copies annually. 

The Syndics of the Press recently took over the publication of 
Discovery, and the first number of Vol. I in the new series appeared 
in April. Published in a new format with excellent illustrations, 
the jounial maintains its popular appeal and should have a long 
and successful life in its new home. The price is Is., and the annual 
subscription 12s. 6d. net, post free. 

* BrowsU^r’s Life of Isaac Newton on the authority of a Conduitt MS. in 
the Portsmouth collection. 
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THE DISCOVERY OF RADIUM. By J. R. Pabtington, 

D.Sc., Professor of Chemistry in tlio University of London. Being a 
Review of Madame Curie, by Evk Curie. Translated by V. Sheean. 
[Pp. xi -f 411, with 31 plates.] [Ixindon : William Heimsmann, Ltd., 
1938. 18tf. net.] 

The element radium was discovered and the science of radioactivity 
created by Marya (Marie) Sklodovska, afterwards Mine. Curie, 
partly in collaboration with her husband, Pierre Curie. She was 
bom in Warsaw on November 7, 1867, both her parents being 
teachers. She received an adequate education and was described 
as a gifted child, although without any characteristics of genius. 
In Warsaw a woman could not attend the University, but Marie 
studied mathematics, physics, chemistry and biology for herself from 
books, having no opportunities for practical work. At the age of 
eighteen she liegan a career as a governess and was occupied with such 
work until she was twenty-four. In 1890 she had access to a semi- 
private laboratory conducted by a circle of Polish patriots and directed 
by her cousin, and there she made simple experiments in physics 
and chemistry which developed her taste for scientific research. 

Her sister had gone to Paris to study medicine and Marie herself 
finally decided to go there to study mathematics and physics when 
she had saved enough money. This was at last possible, and she 
set out for Paris, travelling fourth class through Germany with a 
wooden trunk containing her clothes and books ; her mattress, 
sheets and towels had gone before by freight. Arriving in Paris 
to begin the session 1891-92 at the Sorbonne, she at first lodged 
with her sister, who had by then married a Polish fellow-student, 
a doctor, but not finding the quiet necessary for intense study, 
Marie took and furnished an apartment in a garret, paying for her 
room, meals, clothes, books and paper, as well as the university 
fees, out of a sum of three francs a day. Light and fuel were often 
too expensive and as night fell the student worked in the Library 
of Sainte-Genevii>ve until it closed at ten o’clock. She had no 
knowledge of cookery and her meals were too often Inadequate. She 
•ays of this period: 
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'' I then lived in a room on the sixth floor of a house in the 
Schools quarter, and it was a poor lodging, since my resources were 
extremely limited. I was nevertheless very happy, having realised 
only at the age of twenty-five the ardent desire which I had long 
had of making a profound study of the sciences.’' 

In 1893 she was given a piece of research by Prof. Lippmann; 
she decided to take two master’s degrees, one in physics and one in 
mathematics, and these were duly taken in 1893 and 1894. A 
friend in Warsaw, MUe. Dydynska, then providentially obtained for 
her a scholarship (which she afterwards repaid) enabling her to 
continue her studies in Paris. In the severe winter her garret was 
too cold for sleep ; she piled her clothes on the bed and then, pulling 
over her chair, she placed this also on the amassed garments so that, 
by its weight, it could give some illusion of warmth. 

In 1894 Marie Sklodovska met her future husband, Pierre Curie, 
then a physicist of reputation and great promise. She was engaged 
in research on the magnetic properties of steels, a subject in which 
Curie was interested. Her room in Prof. Lippmann’s laboratory 
was too small and it was suggested that she might perhaps find a 
place in Curie’s laboratory in the School of Physics and Chemistry ; 
in any case, she was told, his advice would be helpful. The meeting 
took place and the two met again ; an admiration for her scientific 
earnestness and high intelligence grew into a warmer attaichment 
and Curie, then thirty-five, asked her to be his wife. There were 
some months of hesitation ; she did not wish to be separated from 
Poland. CJurie was willing to follow her there ; he could give 
lessons in French for a living. At last, in July 1896, Marie wrote 
to a girl friend of her youth : 

‘‘ I am about to marry the man I told you about last year in 
Warsaw. It is a sorrow to me to have to stay for ever in Paris, 
but what am I to do ? Fate has made us deeply attached to each 
other and we caimot endure the idea of separating. . . . I hesitated 
a whole year and could not resolve on an answer. Finally I became 
reconciled to the idea of settling here. When you receive this 
letter, write to me : Madame Curie, School of Physios and Chemistry, 
42 Rue Lhomond.” 

The two lived in great simplicity ; they had no maid and Mme. 
Curie learnt to cook and attended to the domestic duties, at the 
same time continuing her scientific research. She decided to study 
for the Paris doctorate and a subject must be chosen for the thesis. 

In 1896 Becquerel found that uranium salts have the property 
of affecting a photographic plate in the dark ; this was the discovery 
of what Mme. Curie was afterwards to call radioactivity. She 
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ohoae this subject for reseaxob, working in a cold, damp store-room 
on the ground floor of the School of Physics and Chemistry. Per¬ 
mission to work in the same institution as her husband, given by 
the Director, Prof. Sohtitzenberger, was, as Mme. Curie afterwards 
said, “ an innovation quite out of the ordinary at that time. In 
1897 a daughter, Irfene, was born, but Mme. Curie was able to continue 
her work, the care of the child being divided between her and the 
grandfather, Dr. Curie, who lived with the family. 

All the known chemical elements were examined and in 1898 
the radioactivity of thorium was discovered. At this point Mme. 
Curie took a decision which was to be the key to her later discoveries. 
She examined not only the pure compounds of the elements but 
also the minerals. Uranium minerals were found to be more radio¬ 
active than pure uranium salts, and in April 1898 the conclusion 
was reached that an unknown element, more active than uranium, 
was contained in the ores. Four years before this she had written : 

** Life is not easy for any of us. But what of that ? We must 
have perseverance and, above all, confidence in ourselves. We 
must believe that we are gifted for something, and that this thing, 
at whatever cost, must be attained.’* 

The opportunity had come to put these precepts into execution. 
The problem had become one of chemistry, and os chemistry then 
stood compounds of this unknown element must be isolated from 
the ore, and the atomic weight of the element determined. Pierre 
Curie now interrupted his own work and joined in the investigation. 
There is little indication in the joint publications as to which part 
of the work belongs to Mme. Curie, but it is highly probable that 
the isolation of radium is hers. She foresaw the existence of the 
element, persisted in the chemical work when the man would have 
turned away from its formidable difficulty, and she also carried out 
the tedious and complicated chemical operations by which alone the 
final goal could be reached. 

The radioactive element was present in the uranium ore in 
much smaller amount than had been suspected. The process of 
separation used was partly a chemical group-separation and partly 
the fractional crystallisation of salts. The accumulation of radio¬ 
active material could be followed by the electrometer method ; it 
appeared in two fractions, one in the bismuth and one in the 
barium, so that two elements were apparently present. 

In July 1898 the radioelement in the bismuth precipitate was 
characterised and named polonium, after “ the country of origin of 
one of us ; in December 1898 the two Curies and B6mont, a 
demonstrator in the School, announced the existence of radium, 
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which was precipitated with the barium. Although the two elements 
were characterised by their radioactive properties, it was necessary 
to proceed further. As the chemists said : “ No atomic weight, 
no radium.” 

The isolation of a pure radium salt was to require four more 
years of hard work, undertaken in an abandoned dissecting-room 
of the Faculty of Medicine at the School. This shed had an asphalt 
floor, an old kitchen table, a rusty stove and a blackboard. An 
Austrian colleague, the geologist Edward Suess, arranged for a ton 
of uranium residues to be sent to Mme. Curie from the mines at 
Joachimstahl for the cost of carriage. The chemical treatment of 
these residues, involving work on the large scale and with boiling 
acids, was carried out mainly in a courtyard in the open air. Mme. 
Curie later wrote; 

“ We had no money, no laboratory and no help in the conduct 
of this important and difficult task. It was like creating something 
out of nothing, and if Casimia Dluski called ray student days ‘ the 
heroic years of my sister-in-law’s life,’ I may say without exaggera¬ 
tion that this period was, for my husband and myself, the heroic 
period of our common existence. . . . And yet it was in this 
miserable old shed that the best and happiest years of our life were 
spent, entirely consecrated to work. I sometimes passed the whole 
day stirring a boiling mass with an iron rod nearly as big as myself. 
In the evening I was broken with fatigue. ... I came to treat 
as much as twenty kilograms of material at a time, which had the 
effect of filling the shed with great jars of precipitates and liquids. 
... In spite of the difficulties of our working conditions, we felt 
very happy. Our days were spent in the laboratory. In our 
humble shed there reigned a great tranquillity ; sometimes, as we 
watched over some operation, we would walk up and down, talking 
about work in the present and in the future ; when we were cold 
a cup of hot tea taken near the stove comforted us. We lived in 
our single preoccupation as if in a dream.” 

In 1902 a decigram of pure radium salt was isolated and the 
atomic weight of the element was determined ; radium was discovered 
in the chemical sense. Previous to this many of the principal features 
of radioactivity had been published and many other workers had 
joined in the investigation of the new subject. 

Mme. Curie’s thesis, ” Becherches sur les Substances Radio* 
actives,” was presented in 1902 and published in 1903. In 1908 
the Davy Medal of the Royal Society was awarded to Pierre and 
Mme. Curie, and in the same year the Nobel Prize for Physics was 
divided between Henri Becquerel and the two Curies. 



BSSAY EBVIBW 


145 


The shock of Kerre Curie’s death in a street accident in April 
1906 unnerved Mme. Curie, but she was able to continue her work. 
The University of Paris aw«irded her the clmir of her late husband, 
the first occasion on which a post of higher education in France 
had been held by a woman. She also taught for many years at 
the ficole Normale for women teachers at Sevres and in 1908 became 
titular professor at the Sorbonne. Her large TraiU de RadioactiviU, 
in two volumes, was published in 1910. The gram of radium in 
the form of its salt which she had by now prepared was presented 
by Mme. Curie to her laboratory. In 1910, in collaboration with 
Debieme (who had discovered actinium in 1899), she prepared 
metallic radium, an experiment which is still unrepeated. In 1911 
she was persuaded to submit herself for election to the Institute 
but was rejected ; as a compensation she could claim in the same 
year a second Nobel Prize, in chemistry, and in 1922 she was elected 
a member of the Academy of Medicine. 

The physiological effects of radium were discovered in 1900 by 
WalkhoflF and Giesel in Germany. Pierre Curie in collaboration 
with French medical men established the use of radium in the 
treatment of growths, tumours and certain forms of cancer. The 
Pasteur Institute and the University of Paris by a joint agreement, 
each contributing 400,000 francs, founded an Institute of Radium 
which was to be built in the Rue Cuvier. This was completed in 
July 1914, and next month the Great War had broke out. The 
French hospitals, both at the front and behind the line, were very 
inadequately equipped with X-ray apparatus. Mme. Curie 
organised this service and herself worked among the wounded. 

In 1920 the women of America subscribed for a gram of radium 
to be presented to Mme. (kirie, who went herself to receive it. 
Even before she received it she presented it to her laboratory. In 
1925 she laid the foundation-stone of an Institute of Radium in 
Warsaw and again went to America to receive a second gram of 
radium for this Institute. In 1920 the Curie Foundation was 
established on the initiative of Baron Henri de Rothschild, and in 
1923, on the twenty-fifth anniversary of the discovery of radium, 
the French Government associated itself with the Foundation and 
passed a law granting Mme, Curie an annual pension of 40,000 
francs with the right of inheritance to her two daughters. 

Mme. Curie continued to direct the Institute of Radium and in 
the period 1919-34 publications to the number of 483 came from 
it. In 1934 the sdenoe of radioactivity seemed to have become 
static, but in that year a new impetus was given to it by the discovery 
of artificial radioactivity by Mme. Curie’s daughter IrAne and her 
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son-in4aw and former pupil, Fr6d^rio Joliot; these two received 
the third Nobel Prize of the Curie family in 1935, the year after 
Mme. Curie’s death, on July 4,1934. She died of pernicious anssmia, 
accelerated by exposure to radioactive materials. 

Mme. Curie was a little over middle height, her face pale and 
serious and her grey eyes normally austere. The face, especially 
in later life, shows calm determination and firm will. She dressed 
very i)lainly and after her husband’s death mostly in black. She 
was intensely reserved, even with her family, was unspoiled by 
success, and had no scientific jealousy. In the laboratory she was 
a neat, accurate and methodical worker, using simple apparatus. 
Although she had considerable mathematical ability she had little 
attraction to theory, but she recognised that radioactivity is an 
atomic property and suggested in January 1899 that the trans¬ 
formation of radioactive atoms was one possible explanation of 
the source of the energy of radioactive substances. She possessed 
great critical power, which she applied to her own work, and kept 
abreast of the later developments in physics ; in her last book, 
BadioactiviU, published in 1935, a year after her death, she takes 
account of wave mechanics and the new theory of the structure of 
the atomic nucleus. 

Nothing can ever take from Mme. Curie the immense achieve¬ 
ment of her persistent and brilliant work ; as the discoverer of 
radium, and as the originator of a new science, she will hold her 
place among the very few highest names in the history of science. 
Her life is a romantic and iixspiring story, which has been told most 
admirably by her daughter. The collection of personal papers, 
letters and autobiographical fragments, as well as personal recol¬ 
lections, which she has drawn upon for the book, and the excellent 
portraits and illustrations with which she has enriched it, make it 
a document of considerable historical value. It is written in a 
vivid style which is well preserved in the translation. The 
book does not profess to deal adequately with the scientific work 
of Mme. Curie, and what little is presented is sometimes marred 
by errors of translation. We must not Mdthhold our gratitude that 
so many intimate details of the life of such a great woman should 
have been preserved before they could be dissipated and lost in the 
passage of time. The scientific specialist will find what he requires 
in the systematic treatises ; the reader who can be stirred by a 
well-told story of great achievements in the face of serious obstacles 
will take away from this book some conception of scientific research; 
and the future historian of science will recover from it valuable 
clues to the better understanding of a remarkable figure. 
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Introduction to the Theory oi Fourier Integprals. By E. C. Titoh- 
BiABSH, F.R.S. [Pp. X 4' 390.] (Oxford : At tho Clarendon Press ; 
London : Humphrey Milford, 1937. 17«. not.) 

This book will be of great service to those intere8te<l in Fourier analysis. 
Prof. Titchmarsh has collected in systematic form most of tho present 
knowledge concerning certain aspects of tho theory of Fourier Transforms. 
This theory has botm greatly influenced by the author’s own simplified 
proof of Planchc^rers Theorem published in 1923, and most of tho material 
in tho book is subsequent to that date. 

The Fourier (cosine) transform F(a:) of a function f(T) is defined by 


F(a:) = (|-) J^/(<)co8a*i<. . . • (I) 

When f(x) is a suitable function we also liave 

/{*) = 0)* *'(*) oos ... (2) 

i.c. f(x) in the tranaform of F(a:). For example, if f{x) « and 
F(a:) as (2/^f)l (1 f «•)“ ^ equations (1) and (2) are satisfied. 

f{^)» F(x) and g{x)f G(£c) arc suitable pairs of transforms we have the 
Parseval formula 


1 ** I F(x)0(x)dx 

Jo Jo 


This formula leads to a series of remarkable results, 
example of (8), if f(x) ~ g(x) «» we obtain 


1 


00 

0 


dx 


2 p dx 


. (3) 

To take a simple 


(4) 


and other formulce may be written down at once from known pairs of trans¬ 
forms. This type of formula is of value in all branches of Mathematics 
where definite integrals have to be calculated, and the formal application 
of (1), (2) and (8) requires no great theoretical knowledge. In the case 
when the functions involved all have their moduli integrable over (0,oo) 
there is no difficulty, and (2) and (3) may be obtained from (1) in a few lines. 
But this case is too restricted to be of much theoretical interest. In fact 
/(x) and F(a?) must then both be continuous functions, and tho integrals 
are consequently Riemann integrals. The scope of equations (1) and (2) 
increased if the integrals are interpreted in the Cauchy-Ceskro, or again 
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in the “ mean p-th power ” senee. The theoretical problem then centres 
round the conditions to be fulfilled by the functions in order that the formulis 
xnay remain valid with these interpretations. 

The first two chapters are concerned mainly with convergence and sum- 
inability theorems analogous to classical theorems about Fourier series, 
and the Parseval formula is obtained under various conditions of frequent 
occurrence. The integrals in this part of the book are Lobesgiie or Cauchy- 
Lebesgue. In Chap. Ill Plancherel’s theorem is proved by four different 
methods for functions of the class L*, i.e, functions which are measurable 
and whose squanjs arc integrable over (0,ix>). If /{^) ^ of L* and F(x) w 
defined by (1), in Die ''mean square sense,"' then F(a*) is also of L* and (2) 
holds in the mean square sense. Moreover if also g(x) is of L* the Parseval 
formula holds in the. Lebesgue sense. This beautiful symmetry makes the 
class L® the most satisfactory class of functions to study in this cormection. 
It is neither more nor less general than the class L of Lcbt^sgiK' int/Cgrablo 
functions. For rc”* is L at the origin, but not L*. while x~ ^ is L* at infinity, 
but not L. In Chap. IV similar formulae are obtained for other classes. 
In Chap. V conjugate integrals (analogous to allied series) and Hillx^rt 
transforms, givem by 




1 rf(x + 1) -f(x 
^Jo < 


-dl, f{z) 


1 + 0 - g{x - t) 

^Jo ‘ ‘ 


are studied, and in Chap. VI uniqueness theorems. In Chap. VII many 
interesting examples are considoreni in the light of the greater scope of the 
subject in its wider form. In Chap. VIII general transforms, in which 
cos xt is replaced by a more general kernel K{Xft), are discussed, and in Chap. 
IX self-reciprocal fimctions, which are those for which f{x) F(x), e.g.x^^ 
or e***^*. Finally in Cliaps. X and XI are given applications to differentia] 
and integral equations, and the book ends with a full bibliography of 
modem papers. 

With regard to the class of n^aders for whom the book is intended, the 
author says, “ Tlie reader requires only a general knowledge of analysis, 
though he will pn^umably bo familiar with the elements of Fourier series.” 
Tlie reader is, however, expected to have a working knowledge of mean 
convergence ” theory. For instance, he is expected to know without refer¬ 
ence that if fn(x) is L» and lim J[/»(x) -/(x)]»dx 0, and if g(x) is L* 

then lim //,i(x)fiF(x)dx lf(x)g(x)dx, and more difficult theorems of the 
same type, obtainable from Hdlder’s inequality. The reader who knows 
nothing of Fourier integrals and only the elements of Fourier series may, 
however, never have practised the use of these theorems. They are to be 
foimd, for example, in Wiener’s introduction to his Fourier Integral or in 
Titchmarsh’s Theory of Functions, The author does indeed say that the 
present book may be road as a sequel to the latter, but some readers might 
prefer a few more cross-references or a mom detailed introduction. Apart 
from omissions of explanation of this type, which will present no difficulty 
to the experienced reader, the proofs are presented attractively and without 
many misprints. It is a groat help to have the essence of so scattered a 
subject compressed into one book, and Prof. Titchmarsh is to be congratu¬ 
lated not only on the brilliant way in which he has aclueved this, but also, 
on his own further contributions to the subject made in the process. 

L. S. B. 
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A T«xt^Book oi ih# ]>ifl«r«ntial Calculuji. By S. Mxtra, M.A., and 

G. K. Durr, M.A. [Pp. xiv + 302, with 20 figures.] (Cambridge : 

W. Heffor & Sons, Ltd., 1937. 10s. net.) 

The authors aim at giving cm up*to<date account of the differential calculus, 
and they address themselves to readers who may bo studying the subject 
seriously for the first time. The first three oliapters are devoted to a dis¬ 
cussion of real numbers (Dedekind section), complex numbers, limits, con¬ 
vergence, and the elementary functions ; here their main source is Hardy’s 
Pure MaihemcUics. They depart from Hardy in treating c* as the (suitably 
defined) xth |X)wer of c (the sum of an infinite series); log x is what we 
learned at scliool, and the derivative prof)ertiea are obtained without difficulty. 
Many teachers will bt^ glad to s(h=j this natural treatment carried out. The 
authors take the quiwtion of differentials very sorioiisly, and they sort out 
carefully the idc^ of a derivative, a differential coefficient, and a differentiable 
fimction of several variables. The topic of differentials is a familiarly illogical 
one, and the author who is to convince the understanding of his reader must 
himself bo extremely critical of what is usually written on the subject and 
must consfatitly be on the look-out for objections which the candid begiimer 
will raise. Tfie authors make a serious and interesting attempt to do this, 
V)iit they arc not altogether successful. Cauchy’s increment formula, rather 
than the first mean value theorem, is used to good effect in the proof of Taylor’s 
th«x)rem. The chapter on expansions has many neat proofs, but the sections 
on uniform convergonoe ore not as precise or as accurate as they might be. 
This is a pity, because beginners so often miss the point of uniformity, and, 
in applying it, fall so nmdily into loose foniis of expression. There are 
chapk^rs on partial derivatives and on change of variables ; a fuller account 
of transformations is promised in a companion volume on integration (perhaps 
the authors will provide on index there). About one-third of the text is 
devoted tn differential properties of plane curves. The proof that chord 
and arc are equivalent inffnitosimals is obscure, but this will perhaps be 
taken up in the volume on integrals. The notion of characteristic |x>ints 
is used as the basis of the chapter on envelopes (the non-intersecting family 
y (ar — c)* has y sw 0 for an envelope), and there are oliapters on asymp¬ 
totes, curvature and curve tracing. 

The small stock of text examples will perhaps disappoint the average 
reader and those who are interested in applications ; it is to the teacher 
and to the student who is making a special study of mathematics that the 
book will probably make its best app^. Such readers will find the book 
stimulating and containing many good things not to be found in the older 
calculus liooks. In recommending it to a serious beginner one might add 
the warning that the text is not always a model of rigour or precision ; there 
are occasional bore patches which the reader will have to cultivate for himself, 
and others that will have to be weeded. 

H. K. 

Modern Tlieorlee of Inteipration. By H. KjcsTSLitAN, M.So. [Pp. 
viii -f 262.] (Oxford j at the Clarendon Press ; Ikmdon : Humphrey 
Milford, 1937. 17#. td, net.) 

Tms treatise is oonoemed almost entirely with the theory of the Lebesgue 
integral, and, in the words of the author, it forms a oonoise and aoourato 
introduction based on post-graduate lectures delivered by Dr. Estermann 
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at University College, London. The book gives a self-oontained and detsaled 
study of the Lebesgue integral. It is extremely condensed and by the nse 
of an ingenious notation the author has succeeded in compressing the standard 
definition and theorems into an astonishingly small compass. At the same 
time this conciseness makes it a difficult book to read in the armchair. It 
is rather a work which needs to be rood pen in hand, and with concentrated 
attention. The most interesting features of the exposition are the simpli¬ 
fications which the author has introduced into the theory of the Lebesgue 
Denjoi integral by use of the methods of Caratheodory and Romanovski. 
Such a book as this must inevitably cliallenge comparison with the other 
standard treatises on the same subject, namely, Lemons aur UlnUgration by 
Lebesgue, and Thdorie de L*InUgrale by Saks. 

The volume by Saks covers considerably more ground, and the well- 
known work by Lebesgue gives a much more general treatment of the whole 
subject, and includes an historical introduction. The present work is emin¬ 
ently adapted for post-graduate students, and the only criticism which the 
reviewer would venture to advance in that it contains no reference whatever 
to the work of W. H. Young. The well-known Cambridge Tract by L. C. 
Young on the Theory of Integration gives an altemativ’^o approach to the 
Lebesgue integral which is extremely simple and has many advantages. It 
seems a pity that not even a pewsing reference is made to this work in the 
present book. Apart from that, this volume can be warmly recommended 
as providing an excellent introduction to the modem treatment of the 
Lebesgue integration. 

a. T. 

Trigonometry. Part II: Higher Trigonometry. By T. M. Mao- 
Bobert, M.A., D,Sc„ and William Arthur, M.A. [Pp. 205-841 
4- xiii, with 20 figures.] (London: Methuen & Co., Ltd., 1987. 
4«. fid.) 

Part I of this work has recently been reviewed in this journal. The Eoibject- 
matter of Part II is as follows—complex numbers : vectors ; products and 
quotients : Demoivre’a theorem ; applications of Demoivre’s theorem; 
applications of the calculus : expansions in series ; the logarithmic and 
exponential functions : hyperbolic functions. 

The treatment stresses the geometrical aspect of the theory. From the 
teaching point of view this is a good thing but one feels that at some stage 
the student needs a warning against arguing too freely by reference to a 
diagram. This feeling is strengthened by a remark on p. 313, where the 
authors say (in defining the logarithmic function by means of an integral); 

“ As the definition of a definite integral may bo based on geometrical con¬ 
ceptions, this procedure makes it possible to avoid some of the difficulties of 
defining the logarithmic and exponential functions for irrational values of 
their arguments. This same difficulty was avoided in connection with the 
circular fimctions, which were defined as geometrical ratios. Thus it was 
found possible to develop the theory of trigonometry without the necessity 
of basing the discussion on strictly arithmetical considerations.’* This is 
simply shelving difficulties, not avoiding them. 

The average sttident will probably be more concerned with the oonoltudons 
of the higher trigonometry than with the higher approach. For him this 
book will be very useful and practical and can be recommended. 
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Of details, not much need be said. It might, however, be remarked that 
the term ** arg * ** is used in an unconventional sense (as meaning the point 
in the Argand diagram which represents the complex number z). The authors 
state that the principal value of amp z will generally be understood : perhaps 
they would have done well to show that amp{^/z) is not always eqtial to 
— amp z for principal values. 

Calculus methods are employed with advantage. This reflects a welcome 
modem tendency to discard the old text-book habit of wewiing through 
heavy algebra rather than use a process at once concise and elegant. 

As in the case of Part I, the i>rioo is very reasonable and the production 
of the book satisfactory. 

J. W. A. 

ASTRONOMY 

Coamologlcal Theory. By G. C. MoVittie, M.A., Ph.D., F.R.A.S. 
Methuen's Monograplis on Physical Subjects. [Pp. viii + 103.] 
(London : Methuen A Co., Ltd., 1937. 2a, 6d. net.) 

To compress an account of cosmological theory into tlie compass of this 
small volume, which forms one of Methuen's series of Monographs on 
Physical Subjects,** is no easy matter. Dr. MeVittie has concentrated 
mainly on those developments of the theory that are most eiisily comparable 
with observation and has excluded those that are of purely mathematical 
interest. The counts made by Habble of the numbers of extra-galactic 
nebulae down to various limiting stellar magnitudes make comparison between 
theory and observation possible. It is in such a comparison that the interest 
lies—at any rate for the observational aatronomer. Without such a check 
the voriotis theoretical possibilities con toll us little about the broad features 
of the physical universe. 

Dr. MeVittie gives a brief summary of the observational material and 
then, after two mathematical chapters dealing with tensor calcuhis and the 
principles of general relativity, he proceeds to the nmthomatical investigation 
of the expanding universe and to a comparison with observation. The 
conclusion is drawn that the volume of space so far surveyed is a small 
fraction of the whole. The astronomical evidence appears to be in favour 
of hyperbolic space, but some extrapolation of data is involved and, in view 
of the ol>mjrvational uncertainties, this conclusion is to bo accepted with 
reserve. The 200-m. telesoof)e should provide in duo course data extending 
to a fainter limiting magnitude and will perliaps enable a more deftnite con¬ 
clusion to bo drawn. The possibility that this instniment may provide 
definite information on this important matter would bo sufficient in itself to 
justify its construction. 

Meanwhile, astronomers will be grateful to Dr. MeVittie for his careful 
mathematical discussion of the problem, which abounds in pitfalls. It is 
emphasised, for instance, that the term “ distnneo *’ in an expanding universe 
is ambiguous as long as the method of measurement is not specified. 

The volume concludes with on account of Milne’s kinematioal theory of 
the universe, developed in such a way that its resemblances to, as well as 
its differences from, general relativity are clearly brought out. 

There is a slip on p. 8 in the deflnition of a parsec, which is the distance 
at which the radius of the earth’s orbit subtends an angle of one second of 
arc. On p. 68, the author apparently accepts the long time scale of stellar 
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evolution (not leas than 10^ years), whereas the astronomical evidence is 
strongly converging in favour of the shorter time scale inferred from the 
dynamics of rotating galaxies (shorter than 10^^ years). 

H. 8. J. 

The Distribution of the Stars in Space. By Babt J. Bok. Astro* 
physical Monographs. [Pp. xvi -f 124, with 1 plate and 12 figuree.] 
(U.S.A. ; University of Chicago Press ; Groat Britain and Ireland : 
Cambridge University Press, 1937. 11s. 6d. net.) 

This is the fimt of a series of monographs which will apjiear at irregular 
intervals under the sponsorsliip of the Aatrophyaical Journal. They are 
intcndc5d to deal authoritatively with modem devoloijments in Astronomy 
and Astrophysics. 

Dr. Bok has divided his subject into three chapters, of which the first 
deals with the methods of analysis suitable for utilising to the best advantage 
the niasst^s of observational material now available. In the si^oond he sum¬ 
marises these data, which include star counts, investigations on the distribu¬ 
tion of Hpectral Types, and the nature and extent of the dark nebuhe whose 
presence makes the problem so complicated and difficult. He also points 
out the directions in which further observations are still urgently needed. 
Chap. Ill is devoted to a consideration of the structure of the Galaxy in the 
light of our present knowledge. 

The concept of J. S. Ploskett, described in his Halley Lecture, 1936, has 
undergone little material modification, and it is still true that, while the 
general outlines of galactic structure may be regarded as having a certain 
completeness and probability, the finer details ore largely imknown. The 
eccentric location of the sun is among the few well-established facts. Dr. 
Bok is, however, hopeful of more rapid adv^ance in the near futxire, and antici¬ 
pates that positive information on the stellar density distribution near the 
galactic plane for distances 1,500 parsecs from the sun will soon be available. 
Assuming a structure similar to that of Mossier 33, the sim would bo situated 
in one of the spiral knots, two-thirds of the radius of the nebula from its 
centre, and a coarseness in tiio density distribution in the spiral arm would 
account for the “ Local Cluster.” Bok suggests that, while the distant 
centre of the Galaxy is in the direction of Sagittarius, a spiral arm passes 
from Carina through the sun towards Cygnus, 

The monograph is a valuable contribution to an important subject. 

R. W. W. 


METEOROLOGY 

Weather Science for Everybody. By D. Brunt, M.A. Changing 
World Libraiy, No. 2. [Pp. xii *f 170, with 6 plates and 20 figures.] 
(London : Watts & Co., 1936. 2^. 6d. net.) 

It is a moot point whether the absorbing interest most Englishmen ore said 
to have in the weather does not stop short at their own emotional reactions 
to it. If the lay public really has an objective interest in the weather, or if 
there is any widespread desire to develop such an interest, here is an appropri¬ 
ate book to meet the need. Writing for the lay public, the author, who is the 
only University professor of meteorology in the country, has deprived 
of the usual props of a technical work, especially the mathematical aids, 
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and at the same time has had to face the problem of evoking and maintaining 
interest, not merely of solving technical problems. His weapons have been 
his command of plain, accura.>e English, his readiness to employ simple 
diagrams as an aid to understanding, and his flair for driving home lua point 
by relating it Ui the life of the ordinary man. How far he has succeeded 
(or can succeed) in the task of making the essence of meteorology assimilable 
by the oornplotoly non-tec;hnical layman is a little difficult for one who already 
has some familiarity with the subject to estimate, but it is safe to say that this 
book rej)res6ntH as close on approximation to success as anyone is likely to 
make. In the chaptc^rs that deal with climatt» as distinct from weather the 
autlior Imrdly maintains his own high standaixi. This part of the work is 
not frtxj from ambiguitkw and even actual errors, some of which are mere 
slips (as, on p. 128, the erroneous Im^ations of Konakry and Colon), but some 
(as, on pp. 118 and 124, the alleged dryness of the eastern sides of Asia and 
North America in intennetliate latitudes, and, on p. 120, the misleading 
account of the ocean currents of the Pacific) are in a rather different category. 
On the book as a whole these are trivial blemishes, easily to be remedied in 
a second edition. And if the book achieves the success it deserves a second 
edition will soon l>e called for. 

R. O. B. 

An Introduction to Weather and Climate. By Olknn T. The- 
WARTHA. [Pp. X + 373, with 7 folding plates and 108 figurtis.] (New 
York and I.iondon ; McGraw-Hill Publishing Co., Ltd., 1937. 18«. 

not.) 

This book is prexiisely what it profesm^s to be—an introduction to meteorology 
and climatology— and within the limits of the standard aimed at (equivalent 
to that of the Intermediate^ in an English imiversity) it fills very adequately 
the gap in the liU^raturo available to students of Geography. The character 
of the work is set by the fact that it is written by a geographer for geographers. 
Though the two parts into which it is divided are of equal length, it is the 
attitude of the climatrologist, not that of the meU>orologiHt, that is dominant 
throughout. In Part 1 (weather) physical theory is roduotxl to a bare mini¬ 
mum (sufficient, however, for the stage at which the student lias arrived), 
and emphasis is laid rather on descriptive and distributioruvl aspects of the 
subject. Part I scirves, therefore, as an introduction to further study of 
meteorology, and at the same time to the treatment of climate in Part II. 
This latter fact indicates, incidentally, the imity of the book as a whole—a 
unity which is not necessarily inherent in the subject-matU’^r, and which 
the division of the work into two equal parts might tend to camoufiago. 
Tlie feature of Part II (climate) is the adoption of a aimplifiod version of 
K^pjien’s classification. A coloured folding map illustrates this classification 
of Tiewartha’s, while two others, resj>ectively of K6ppan*B and of Tliom- 
thwoite’s classifications, accompany an appendix giving a brief explanation 
of those systems. The book is clearly and straightforwardly written, is 
adequately illustrated (in part by a series of detached maps in a cover pocket), 
and contains detailed references to useful supplementary reading. In short, 
it is an excellent elementary text-book. 


R. O. B. 
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College Physics. By John A. Eldribok. [Pp. x -f 616, with 426 
figures.] (New York : Jolm Wiley & Sons, Inc. ; London *. Chapman 
& Hall, Ltd,, 1937. ISs, 6d. net.) 

Wb in England are not accustomed to books like this any more than we are 
to baseball or iced drinking water. But why not ? Here is a really inter¬ 
esting book which contains all the physics necessary for matriculation “ and 
then some.’* The author declares that “ when the student has learned to 
pass examinations and not to like physics (tlie case is not unknown), the 
teacher has failed.” Eldridgo clearly intends to succeed and probably will. 

The approach to mechanics is unusual and perhaps, strictly speaking, 
illogical; but the author carries it off because his treatment follows the 
inevitable unconscious approach of the beginner. Thus the ideas of force 
(including centripetal), equilibrium, couples and so on are dealt with in the 
first cliapter from the point of view of common knowledge, and Newton’s 
laws of motion (ix. the statement of the nature? of force and the establish¬ 
ment of its units) are treated in Chap. 10 after elasticity, hydrostatics and 
some statics. But no hann is done. 

The relation of physics to everyday things and to industry is constantly 
borne in mind and the book is well illustrated with photograplis and diagrams. 
A number of subjects which we are accustomed to pass by in the first year— 
the second law of thermodynamics, for instanco-~~are troati?d in a simple 
and interesting way. 

Teachers and beginners alike should find this a stimulating book. 

R. C. B. 

Textbook of Thermodynamics. By PaubS. Epstein. [Pp. xii-f 406, 
with 64 figures.] (New York ; John Wiley & Sons, Inc. ; London ; 
Chapman <fe Hall, Ltd., 1937. 17s. 6d. net.) 

It would appear that in writing a treatise upon thermodynamics to be used 
as on introductory text two courses are open to an author ; either to develop 
the fundamental concepts of the subject in a rigorous manner, and discuss 
their application in as wide a field as possible, or alternatively, without any 
very detailed examination of the development of these concepts, to peuNi 
almost directly to a detailed discussion of thoir application in a rather 
restricted field. Each method of introduction to the subject has its advo¬ 
cates, and the choice of method will be determined by the teacher rather 
than the learner. Tliere may bo little to choose between the methods in the 
final result, namely, ability to use the methods and results of thermodynamics 
as a tool in investigations, but much worry and confusion of thought is 
probably saved by a detailed exposition of the fundamental laws and conoepta. 

In the work here reviewed it is the first method which has been adopted 
and the treatment is wholly admirable. In view of the approaching cen¬ 
tenary, the first law of thermodynamics is discussed in much more detail 
than is usual, but most readers will find this chapter of particular interest. 
Chapters on such topics as the capillary layer, degenerate perfect gas, elec¬ 
tron and ion clouds, are included, and although no development of statistical 
mechanical theory is given, use is freely made of results from this subject in 
the chapters dealing with recent work where statistical and thermodynamic 
theory are so intimately associated. 

The book is provided with a representative selection of examples, especially 
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in the earlier ohapters dealing with what one may term the classical part 
of the subject. Their usefulness might have been increased by including 
answers. The author has his o^vn ideas on notation and in a biiof appendix 
discusses those systems in common use and justifies his own selection, 
Althoiigh the material in this book is in excess of that required for 
degree students, it may be thoroughly recommended both to them and to 
graduates who require a more detailed knowledge of the subject than is 
usually ocqtiired in their ordinary courscMS. 

F. E. H. 


Principles of Quantum Mechanics. By A. LANDfi:. |Pp. xii -f 119’ 
with 16 figures.] (Cambridge : at the University Press, 1937. 7tf. 6d* 
not.) 

Apabt from the well-known book by Dirac, there are few text-books on 
Quantum Mechanics in which the principles of the theory are adequately 
discussed. Land^'s book represents, therefore, a very welcome contribution 
to physical literature. The value of the book lies in the large number of 
examples by which the typical quantum mechanical concepts are illustrated, 
such as the scattering of light by a beam of particles, the scattering of an 
electron beam by a grating, etc. Much weight is put on the “ complement¬ 
ary ” description of a beam of particles by a charge density and by its capacity 
of transferring momentum to light quanta. 

In the later chapters of the book the uncertainty relation and general 
transfonnation theory art> treated. The exposition of this difficult but 
very important part of the theory is very clear and the mathematics kept 
as simple as possible. Tlie author lays much stress on the correspondence 
of the canonical transformations in quantum tfieory and in classical meelmnics. 
It would perhaps have been desirable to discuss in this cliapter also the spin 
(the word spin does not oocxir in the book), os on example of a typical quantum 
mechanical quantity which cannot be brought into the canonical sohome. 

There are a few points in which the reviewer does not quite agree with the 
author. In reading the book one is left with the impression of a complete 
equivalence of the particle and wave theories of an electron beam. This is 
in some way misleading, as in the transition to the classical theory no room 
if loft for wny wave theory of the electron or any particle theory of light. 
There is also a short chapter on the uncertainty relations of eleotromagnetio 
field strengths which is not in full agreement with the important researoh 
by Bohr and Koaenfeld on this point. 

Land6*s book will be very valuable for all those who are acquainted with 
Sohr6dinger’8 equation and its main applications and who want to study 
the general theory and its fundamental concepts. The book is well produced 
and easy to read. 

W. Heitlkb. 

An Outline of Atomic Pbjsioe. By Members of the Physics Staff 
of the University of Pittsburg. Second edition. [Pp. x 4- 414, with 
218 figures.] (New York: John Wiley A Sons, Ino.; London: 
Chapman A Hall, Ltd., 1937. IBs. fid. net.) 

IIS' the first edition of this book the authors produced a volume which suited 
admirably the purpose for which it was designed, namely, to present to 
students who are not specialising in physics an outline of the modem advances 
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in atomic physios, if in atomic physics one is allowed to include such subjects 
as the theory of relativity and astrophysics. 

The chief alteration in the second edition has been to bring up to date 
the chapter on radioactivity, which included artificial transformation and 
cosmic rays. These two subjects have now been enlarged upon and dealt 
with in a separate chapter. 

One cannot refrain from commenting again on the lucid manner in which 
the whole book is written, and on the fact that, even wljen discussing wave 
mechanics, a minim\im of mathematics is used. The book will serve as a 
useful introduction to the subject for Honours students. W F D 

Atomic Spectra and Atomic Structure. By Okrharp IlERZBicRa. 

Translated with the co-operation of the Author by J. W. T. Spinks. 

[Pp. xvi -I 257, with 80 figures.] (London and Glasgow : Blackie <fe 

Son, Ltd., 1937. ISs, 6d. net.) 

The subject of atomic spectra and their interpretation is now fairly well 
covered by several recent publications in English, and any newcomer to 
this field may expect no more than a lukewarm welcome unless it genuinely 
meets some need left unsatisfied by its predeccjssors. In particular, the 
treatise of H. E. White is so excellent and comprehensive that one opens 
another work on goiierally similar lines with some misgivings. However, 
in the case of the present volume those are quickly dispelled. The author’s 
plan has been to present the subject in a manner suitable for assimilation 
by the beginner and by the worker in related fields. To this end he has 
concentrated on essentials and excluded much detail which the non-speotro- 
soopist would probably find more tiresome than instructive. Further, he 
has taken particular pains to explain the contributions which spectroscopy 
is now making in other domains, notably magnetism and chemistry. The 
latter section, of some twenty pages, is probably the clearest and most 
illuminating survey, in such a sinall compass, which has yet been achieved. 
These same features are indeed characteristic of the lx)ok throughout. Prof. 
Herzborg lias also shown remarkable skill not only in distilling the essential 
content from the welter of s{>ectro8copic observations but also in imparting 
to the wavo-mechanical picture such an attractive and intelligible aspect. 
Hifl mastery of the subject is even more apparent in his power of exposing 
the underlying simplicity of apparently comj^lex phenomena, as, for example, 
the Stark effect and cooling by adiabatic demagnetisation. As an instance, 
however, of an aberration such as may occasionally afflict oven the moat 
competent author, one may cite the diagram of the Stem-Gerlaoh experiment. 
Fig. 42, which shows the atomic beam as perpendicular to the wedge pole 
instead of parallel to it. Tliose portions of the text which are not essential 
for a general understanding of the subject are printed in small type, a practice 
which, whilst detracting somewhat from attractiveness of ap{)earanc6, is 
probably justifiable on the groimds of utility. There are a numl^r of photo* 
graphs of spectra, plenty of excellent diagrams and a valuable bibliography. 
The index appears to have been compiled with care and thoroughness, and 
the translation is so unusually well done that it is difflcult to detect even a 
suggestion of the original German. 

As a concise and lucid exposition of present knowledge of atomic qmtia 
and structure the book merits and will repay careful study by chemists and 
physicists alike. W E C 
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MeMisTMomt of Hadiant Enargy. Edited by W. £. Fobsyteb. 
[Pp. xiv 4* 452, with 224 figures.] (New York and London : McGraw 
Hill Publishing Co., Ltd., 1937. dOtf. net.) 

This volume by a number of contributors is compiled under the general editor¬ 
ship of W. E. Forsythe. The title, although describing accurately the subject- 
matter dealt with, gives little indication of the variety of topics disctissed. 
The whole field of radiation measurements, excluding X-rays, is surveyed 
and the contents may be classified imdor five headings. Thew^ are, funda¬ 
mental concepts and the ^laws of radiation, sotirces of radiation, methods 
used for measuring radiation, and finally a consideration of some special 
problems in radiant energy measurement. 

Spectrometers and spectrographs, monochromators, thermopiles, bolo¬ 
meters, radiation pyrometers, photoelectric colls, the Ulbricht sphere are a 
few of the instruments, selected at random, with which the hook deals. 
Some instruments of part icular use in specialised work, of which doweriptions 
flliould be included in a compre^honsivo survey, are not to be found hero. 
This limits the usefulness of thf3 book since the majority of r<3«*5arch workers 
to whom this book will bo of interest have some acquaintance with the more 
usual tyjxjs of instrument, whereas the detailed dt^seriptions of the con¬ 
struction, use, and limitations of the less-familiar apparatus remain scattered 
throughout many journals and relatively inacctjssible. 

In spite of this the book is sure to prove of great value for reference 
purposes, as there is here collected, for the first time in a single volume, a 
wealth of detailed instruction regarding the more familiar instruments and 
methods. Many of the finer points in the use of instruments, such as optimum 
setting of slit widths in spectrographs, the curvature of spectral lines, etc., 
are dealt with in their practical aspects. Theoretical treatment of such 
matters is not given in detail, but references to original literature sure fairly 
complete. To those imdertaking research involving in any way the measure¬ 
ment of radiant energy a perusal of the relevant sections will undoubtedly 
prove of value, as will the sections dealing with mechanical design to those 
apt to consider design a problem entirely for the mechanic. 

F. E. H. 

Fundamantals of E&ginMring Electronics. By William G. Dow. 
[Pp. xiv 4 604, with 207 figures.] (New York: John Wiley Sc Sons, 
Inc.; London : Chapman Sc Hall, Ltd., 1937. 25s, net.) 

Heex is the most comprehensive book on modem physics for electrical 
engineers which has yet appeared in English. It really does discuss the 
fundamentals of election tubes in a very lucid but by no means supc^rftcial 
manner. Tlie book is not elementary, indeed many graduates in physios 
will find Chap. II (Tlui Electrostatic Field of the Triode) quite hard going. 
The student of electrical engineering who works carefully through the book 
will be well qualified to read with pre^t almost any specialised text on electron 
or atomic physios, while the phydoist will learn from it how these branches 
of his subject throw light on problems connected with thermiouic valves, 
photoelectric cells, discharge tubes, etc. 

Some of the topics dealt with are cathode rays, space charge fiow, ther- 
niionics, electrons in metals, distribution of velocities, tetrode and pentode 
valves, amplifiers, OBcUlators and rectifiers, atomic (mergies and spectra, 
photoelectrioity, discharges in gases. Good use is made of potential distribu- 
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tion diagrams. To pick out one example only, the analyetis of soreen grid 
characteristics is particularly clear. There eure surprisingly few inaccuracies 
or obscurities, though one may suggest revision of the account of experi¬ 
mental values of “ A ** of the Richardson-Dusliman equation, and that some 
mention be mcwie of the Peltier coefficient when relating thermionio work 
functions and contact potential differences. 

At the end of each chapter there are some most instructive problems, 
though it is perliaps a pity that numerical solutions are not included for the 
benefit of students working by themselves. There are seventeen useful tables, 
a twelve-page bibliography and a good index. The diagrams are beautifully 
drawn and the printers have done their work well. 

Prof. Dow deserves not only the congratulations but also the thanks of 
all those who are interested in the physics of electron devices, for writing 
what will undoubtedly become a standard work. jr. A. V. 

Electrolytic Condensers : Their Properties, Design and Practical 

Uses. By P. R. CotTRSKY, B.Sc.,M.I.E.E.,F.In8t.P. [Pp. viii -f 172, 
with 112 figures, including 10 plates.] (London : Chapman <fe Hall, 
Ltd., 1937. 10«. Od. net.) 

Although some eighty years have passed since the electrolytic condenser 
was first conceived and used in an elementary form, the commercial develop¬ 
ment of these condensers for practical purposes is a recent achievement, and 
the author, who has been intimately associated with that development, has 
given in this book a most comprehensive and valuable survey of the latest 
technique. 

After drawing a clear distinction between the electrolytic and ordinary 
types of condenser, the origin and development of the former ore explained. 
Methods of tost and the results obtained with “ wot,” ” semi-dry ” and ” dry ” 
electrolytic condensers are dealt with in detail. Special attention is given 
to the separator, with its influence on the performance of the condenser, 
and the electrical characteristics of the complete unit are thoroughly investi¬ 
gated. Finally a chapter is devoted to a discussion of a number of particu¬ 
larly useful applications in industry. When explaining the calculation of 
power-factor in the introductory chapter the author makes use of an equivalent 
series resistance. The writer feels that the method of employing an equivalent 
parallel resistance is to be preferred in such a case as it also provides a clear 
conception of leakage current. Incidentally there is an error on p. 8 in the 
expression given for the current, the figure 1 having been replaced by I. 
The author also uses the word “ capacity ” instead of “ capacitance,” which 
has now boon standardised. 

The importance of the electrolytic condenser as a moans of obtaining a 

large capacitance in a small space has come suddenly to the notice of electrical 

engineers and the need for a book of this kind was becoming acute. The 

author has filled a real gap and he has done it as effectively and thoroughly 

as the most critical reader could wish. tt 

H. M. Bablow. 

Fundamentals of Vacuum Tubes. By Austin V. Eastman, M.S. 
[Pp. xvi -f 438, with 363 figures.] (New York and London ; McGraw- 
Hill Publislimg Co., Ltd., 1937. 24s. net.) 

A MOEB accurate title for this book would be FundamerUaU of Vacuum Tube 
* Otrouiie,* for we find less than one-tenth of the space occupied by the physics 
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of the vaotitim tubee theineelvee. For example, the epaoe-oharge equation 
is given in it« simplest form only, without any derivation, and the general 
treatment of thermionic omission is confined to ten pages. On the other hand, 
there are detailed aecounts of tne basic circuits employing thermionic tubes. 

In the introductory chapter are lists of definitions, symbols and notations, 
generally conforming to the recommendations of the Institute of Radio 
Engineers Committee. Ve^ry useful, too, ore the tables of American valve 
types at appropriate places in the text. Chap. IV on diodes, including 
mercury arc nxjtifiers, contains a section on filter circuits which is unusually 
good for a book of this kind. A short chapter on mercury vapour relays is 
interposed between two excellent chapters on amplifiers, perhaps the most 
successful part of the book, though the treatment of oscillators, including 
crystal and magnetostriction control, the multivibrator and inverter, is 
also good. 

Chap. IX brings together modulation and demodulation (i.c. detection) 
in an interesting way and then goes on to deal quite briefly with heterodyne 
reception, regeneration (reaction) and the valve voltraotor. Chap. X is 
cjoncemed with tc^trodes and pentodes, with a mention of the beam power 
tube, dynatron and pontagrid converter. Then the tlinn? types of photocells 
occupy 16 pages, and finally there is the usual scrappy cliapter on X-ray 
tubes, oscillographs and so on. There is a short appendix on Fourier analysis. 

Wliile on the whole the book is accurate and the doBcriptions clear, 
“ potential ” is used too often for “ potential difference,” and potential 
gradients ore measured in volts instead of volts/cm. On p. 14 the thermionic 
currents of Richardson's equation are measiued in amps per square inch instead 
of per square cm. It is difficult to choose subjects to please everyone, but in a 
future edition on© would like to see bettor treatments of D.C. amplifiers, valve 
voltmeters and suporhotorodynes, balanced perhaps by the cutting out of 
thermocouples, X-ray tubes,etc. There are a few helpful i)roblem8 at the ends 
of the chapters, but no numerical solutions are given. The inclusion of the 
title of each reference makes it easier to find the paper required, though 
nearly all given here are American in origin. 

It will bo seen that this book con b© recommended to those who wish to 
study the design of amplifiers, oscillators and other circuits employing ther¬ 
mionic tubes, and whow? mathematical equipment does not extend beyond 
elementary calculus. p ^ Vick 

Lectures on the Mathematical Theory of Electricity. By F. B. 

PinnuoK. [Pp. viii + 110, with 119 figures.] (Oxford: at the 

Clarendon Press ; London : Humphrey Milford, 1937. 7s. fid. net.) 

LBCTtraEBS on the theory of electricity are often hampered by the fact that 
only a limited number of problems of the simpler kind can be worked through 
or set as examples, unless the students' knowledge of mathematics is up to 
the Honours standard. Such a book as this is therefore particularly welcome, 
for it consists of a treatment of a selection of important subjects and examples 
which have a definite physical interest, and for which the mathematical 
analysis, although essential for their effective treatment, is not too severe, 

A list of headings will give an idea of the scope of the book : Electrical 
Screening; Cylindrical grid, illustrating the electrostatic behaviour of a 
triode vacuum tub© ; a full treatment of the qtiadrant olootrometer ; Model 
of a crystalline dielectric ; Langmuir's equation ; Force between solenoids ; 
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Theory of Aston’s mass spectrograph ; Self-induotancse of a long rectangular 
circuit, a circviit of thin wire, a finite solenoid ; eloctromagjnotic repulsion; 
introduction to the ether current, etc. 

These lectures will undoubtedly prove of value to advanced students as 
a useful addition to the author's own Treatise on Electricity or to Jean’s 
Electricity and Magnetism, 

Introduction to Ferromagnetism. By Francis Bittkr. [Pp. xii 4- 
314, with 147 figures.] (Now York and London : McC^raw-Hill Pub« 
lishing Co., Ltd., 1937. 24«. net.) 

A BOOK on ferromagnetism is particularly wtdeome from an author whose 
contributions to the subject, both experimonial and tht*oretical, have been 
considerable, and who is also in close touch with tlie technological develop¬ 
ments. As a result, the pure and applied sides both receive attention. 
After throe introductory chapters (“ General Introduction,” ” Historical 
Development ” and About Metals and Alloys,” the last including an account 
of “ Bitter patterns ” by Elmore) there is a long chapter (60 pp.) contributed 
by Yensen, on magnetic materials and their preparation. This contains prob¬ 
ably the best available survey, in moderate compass, of the technologically 
important materials, and also a detailed description of the teclmique for the 
preparation and analysis of materials of very high purity. In the next chapter 
” Internal Fields ” arc considered. Then? is a full account of tlie Heisenberg 
theory, of Ising's treatment of the linear chain, and of Bitter's own extension 
of this treatment. Crystidline fields are discussod, and there is an excellent 
presentation of a tensor method for deriving the general forms for energy ex¬ 
pressions compatible with part/icular types of crystal symm(?try. The method 
is extensively applied in the following chapters on ” Magnetization ” and 
“ Mechanical Deformation.” In the main, it is what may be called the 
formal theory which is here developed, both for single crystals and poly- 
crystalline material; much of the work is original, tmd the development 
is carried out with a degree of completeness which has not hitherto 'bexivi 
attempted. In the last two chapters, electrical and thermal proiierties are 
briefly considered; and ” Co-operative Phenomena ” are discussed by 
Zwicky in a short ap}>endix, very relevant in coimootion with the structure- 
sensitive properties of ferromagnetics. 

The book as a whole jierhaps lacks balance, but with a immy-sided subject 
like ferromagnetism it is impossible to d€>al at all fully with every side in a 
single volume, and, probably rightly, the author has chosen to concentrate 
on those aspects in wliich his interests have centred. Of those, he gives a 
masterly account. If only for the discussion of the phenomena which can 
be correlated by the formal theory, and for Yensen’s survey of nmgnetic 
materials, the book should l>e in the hands of all those who have an interest 
in magnetism. There is, however, much besides ; and the book tliroughout 
bears the imprcjss of the author’s critical alertness of mind and of his inde})end- 
ence of outlook. E C 8 

A T€«t-Book of Light. By G. R. Noakbs, M.A,, A.Inst.P. £Pp. x 4* 
366, with 276 figures and 1 folding chart.] (London : Maomillcm A 
Co., Ltd., 1937. 6^.) 

This is an interesting and useful text-book written for sixth-form students and 
scholarship candidates speciahsing in science. It deals with both geometiical 
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and physical optics and particular attention has been paid to important 
topics such as Photometry, Optical Instruments, Resolving Power, etc. The 
sign convention is dealt with in t, comprehensive manner and the explanations 
given in working out typical problems should be of material assistance to the 
student. The book is a sound exposition of fundamental principles—the 
author eschews descriptions of stock experiments and uses the space thus 
saved for the discussion of phenomena not usually included in a book of this 
range. It is particularly well written and produced and can bo recom¬ 
mended with confidence as fulfilling in high degree the aims of the author. 

S. Mabsh. 


Aeroplanes and Aero Engines. By Captain P. H. Sumnbb. Second 
edition. [Pp. xvi 4* 264, with 211 figures.] (London : The Technical 
Press, Ltd., 1937. 15«. net.) 

This is a profusely illustrated book. An opening historical section includes 
twenty-throe reproductions from photographs of early gliders and aeroplanes. 
There are some forty similar illustrations of modem aircraft and their com¬ 
ponents, and a still greater ntimber showing engines and their parts and 
instruments. These are supplemented by numeroxis clear diagrams and 
drawings. Such a collection in a small volume is valuable to the student 
wliatever his grade, giving him an insight into lay-out, construction and 
progress. The descriptive notes added are very useful but might well have 
boon amplified, for example in regard to wing loading and landing speed, 
civil machines being quoted where necessary to preserve official secrets. 
Unfortunately, the theoretical expositions contained in chapters on Sus- 
tentation and Transition, ’ ’ etc., cannot be recommended with equal confidence. 
The sentence (referring to airscrews), “ High velocities will, however, increase 
skin friction owing to greater viscosity in the dense path of vortices traversed 
by the blade," instances the advantage of leaving scientific explanations to 
the text-books. 

CHEMISTRY 

A Text-Book of Inorganic Chemistry. By J. K. Partinqton, 
D.Sc. Fifth edition. [Pp. viii -f 1062, with 390 figures.] 
(London : Macmillan A Co., Ltd., 1937. 15«.) 

Thb fourth edition of Prof. Partington's well-known Text-Book of Inorganic 
Chemistry, which appeared in 1933, underwent very considerable revision, 
consequently although many developments have occurred in the intervening 
years, it has not been found necessary to introduce any major changes in 
the fifth edition. Minor alterations are evident throughout the text and 
such subjects as the isotopes of hydrogen, the theory of indicators, thermo¬ 
chemistry, nitrogen fixation and the inactive elements have been extended 
and brought up to date. A new account of the structure of the silicates has 
been added and the sections on rhenium and coal-gas have been revised 
with the help of Prof. H. V. A. Briscoe and Mr. C. J. D. Gair. The new 
matter has been introduced without disturbing the pagination of the fourth 
edition. 

“ Partington " is the constant companion of all concerned with inorganic 
chemistry, suggestions for its improvement ore difficult to find and their 
trivial nature is a testimony to the outstanding exoellonoo of the book. The 
dfsscription of the metallic carbonyls appears to be duo for revision, those 
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of chromium and tungsten not being mentioned* and the formula Mo«(€0)||« 
might well disappear. Space might also be found for a discussion of the 
constitution of the boron hydrides and there are occasional small gaps in 
the index* e,g* the reviewer wanted to see if the new work on perchromio 
acid hod been included but failed to find it in the index* although other 
per-acids and chromium compounds are included. j 

Elementary Physical Chemistry. By H. S. Taylob* D.So., F.R.8., 
and H. A. Taylor, Ph.D. Second edition. [Pp. xvi 664, with 
112 figiu'es, including 2 plates.] {New York : D. van Nostrand Co.* 
Inc, ; London : Macmillan & Co., Ltd,, 1937. 16^. net.) 

Ten years have elapsed since the appearance of the first edition of “ small 
Taylor—a book serving as an introduction to the large two-volume text¬ 
book. In the meantime a second edition of “ large Taylor has boon pub¬ 
lished, but is now in some respects out of date, so that the second edition 
of smaller volume has had to incorporate much new material. There is 
a considerable and welcome breakaway from the traditional methods of 
presenting certain aspects of the subject. Naturally the introductory cliapter 
on the atomic concept of matter has undergone extensive modification—the 
discovery of now isotopes and of new particles and the beginnings of nuclear 
chemistry have been compressed into some ten pages. The biggest change 
is the introduction, after the conventional chapter on the gaseous state, of 
a chapter on the quantimi theory, developetl for the most part historically. 
Tills leads to a consideration of the energy levels of atoms and molecules, 
a conception which ought to be more fully used in all physical chemistry 
text-books. The following chapter deals with the rotational heat capacity 
of molecules, especially of hydrogen and deuterium. Brief mention is also 
made of dipole moments. But the most refreshing chapter of all is that on 
chemical kinetics. A decade of research has completely transformed the 
subject, with the result that it has now reached a sufficiently stable stage 
to be profitably discusseil in an introductory text. In this chapter—^wholly 
confined to gas reactions—the classical theory of activation is discussed in 
relation to bimolecular reactions. Next follows on occoimt of the calculation 
of activation energies from quantum mechanical principles. Unimolecular 
reactions, atomic reactions and the theory of explosions can then be logically 
considered. Heterogeneous reactions are discussed quite conventionally in the 
succeeding pages. 

With this background photochemistry may then b© regarded in an 
enlightened manner. Here the chapter is brought up to date without radically 
altering the previous arrangement. 

This volume therefore depicts the changing face of physical ohemktry-— 
the elimination of unnecessary and often confusing material and its replace¬ 
ment by data and ideas which are more precise and more concise. 

The exhortation from publisher to student to preserve the book for future 
reference seems out of place in an Englisli edition, jj ^ Mblvill*. 

The Retardation of Chemical Reactions. By Kenneth C. BAiUBir* 
Sc.D., Litt.D., F.I.e. [Pp. viii -f- 479, with 29 figures.] (London s 
Edward Arnold & Co., 1937. 26s. net.) 

The subject of negative catalysis has attracted many workers for more than 
a hundred years and in the post-War period its literature has assumed veiy 
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large dimensioiui. This is not surprising when one remembers the theoretical 
interest of the subject (especially in connection with the theory of chain re¬ 
actions ) and its enormous economic and industrial importance. It ta surprising 
to find, however, that this is the first comprehensive monograph on the retard¬ 
ation of chemical reactions. There are so many undesirable reactions which 
proceed all too easily and damage or destroy valuable products; one may 
mention in this connection the corrosion of metals, the deterioration of rubber, 
and the development of rancidity in butter and other fats. Other reactions 
such as the setting of cements and the combustion of hydrocarbons in the 
internal combustion engine nee<l to have their si>oed controlletl if the best 
use is to bo made of them. In the vohunc under review Prof. Bailey has 
collected the literatui’e on these and otljer subjects and has provided a clear 
and critical discussion of many theoretical and practical problems. His 
monograph is particularly valuable for its detailed accoimts of experimental 
work which are often not readily accessible in the original papers. 

The order of the cliapters is determined by the types of reaction con¬ 
sidered. Of these, oxidation reactions naturally are the most numerous, 
and the book opens with an account of work on the glowing of phosphorus ; 
this is followed by a discussion of other gaseous oxidations. Then come 
chapters on oxidations in the liquid phase (a field in which Moureu and 
Dufraisse have done such remarkable work), on anti-knock compounds, the 
protection of rubber, the setting of plaster and cement, the stabilisation of 
hydrogen peroxide and many other topics. Some of those chapters arc of 
necessity summaries rather than full discussions. Thus the chapter on 
corrosion gives an interesting review of modem views on a very complex 
subject which is condensed into 20 pages. 

The bibliography contains 1630 entries and will be of great value to 
all workers in this branch of chemical kinetics. 

S. S. 

The Fine Structure ol Matter. The Bearing of Recent Work on 
Crystal Struoture, Polarisation and Line Spectra. Vol. II. 
of A Comprehenaive Treatiae of Atomic and Molecular 
Structure. Part I : X-Baya and the Structwe of Matter. 
By C. H. Douglas Clark, D.Sc., A.R.C.S., A.I.C., D.I.C. (Pp. 
Ixxii -f 216, with 59 figures.] (London : Chapman A Hall, Ltd., 
1937. 15e. net.) 

In inorganic and organic oliemistry the comprehensive treatise is well 
known. Buch books usually consist largely of a mass of empirical data, 
which is classified and presented in logioal sequenoi^ as the fundamental 
principles of the subject are developed. The application of this method to 
the more physical mathematical sciences is not so common, and the 
book before us appears to be an attempt in this direction. Tables of con¬ 
tents, indices and lists of abbreviations occupy one-quartor of the book. 
About one-half of the remi^nder is devoted to diagrams and lists of references, 
and then there are about forty pages of very condensed tables of numerical 
data. The actual amount of rec^ble matter is thm quite small, and nearly 
every sentence gives a summary of the results of one or more original papers. 

The classification of the crystal structures described in the first six clmpters 
follows closely the “ Strukturberioht of Ewald and Hermann. A more 
adequate introduction would be very desirable, and the necessary con¬ 
densation produces several misstatements, the investigations of Dhar 
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and Robertaon do fwt agree regarding the Btruotiare of dibenayL The dia¬ 
grams are sometimes unduly complicated and not always free from errors. 

The following chapters deal with the structure of amorphous substances, 
liquids and liquid crystals, fibres and proteins, alloys, intormetallic compounds 
and solid solutions. The concluding chapter is concerned with the classifi¬ 
cation of crystal types, ionic, molecular, etc., and the factors affecting crystal 
structure, and gives a useful summary of the work of Goldsclimidt and others. 

An immense amount of work has been devotmi to the compilation of 
this book, which covers a field not previously summariscMi in English. In 
conjunction with a good general text-book it should bi? useful in guiding the 
student to the original sources. j robkrtson. 

Colloid Systems : A Survey of the Phenomena of Modem 
Colloid Physics and Chemistry. By A. von BuzAcjh. Trans¬ 
lated by O. B. Daabishire, B.Sc., and echted by William Clayton, 
D.Sc. [Pp. XX -f 311, with 68 figures.] (London: The Technical 
Press, Ltd., 1937. 30^. net.) 

Colloid science has travelled far since Thomas Graham distinguished 
“ colloids," which diffused with difficulty tlirough membranes, from “ crystal¬ 
loids " which ptissed through with ease. The term "colloid" describes 
now, not a group of substances, but a state, and a great variety of compounds 
(including many typical crystalloids) have been obtained in the colloidal 
condition. 

The importance of colloid science scarcely needs to bo emphasiseil. The 
colloidal condition is characteristic of a vast number of natural materials, 
rubber, silk, cellulose, humus, and the like. Living colls consist mainly of 
colloidal matter, and proteins aro perhaps the most important of the great 
family of hydrophilic colloids. Glue (Gk. K6kXa)f which suggested the term 
colloid, is indeed a mixture of proteins. 

So rapid has been the advance in colloid science in the lost quarter of a 
century that Dr. von Buzdgh can say with justice that Wolfgang Ostwald's 
" World of Neglected Dimensions " has become the " World of Not-to-be- 
neglected Dimensions." 

The principal title of this book indicates tliat its primary purpose is 
systematic. " Systems of classification scorn to be both the delight and 
despair of ph 3 rBical science," wrote Dr. Hedges, and the words might serve 
as a text for the first lialf of Dr. von Bm^&gh's book, in which the tremendous 
task of classifying colloid systems is essayed. The work is carried out with 
relentless logic, and a wealth of technical nomenclature which sometimes 
becomes wearisome to the reader, but any such weariness is swallowed up 
in admiration for the thoroughness with which the project is exocutod. 

At intervals through the early chapters, the author pauses to assert, 
almost fiercely, the right of colloid science to bo "autonomous," to have 
its own set of laws which may be, and in many cases apparently are, different 
from the laws of classical physical chemistry. Colloid materials do not fit 
readily into the usual framework of homogeneous and heterogeneous systems, 
amenable to phase rule treatment. Dr. von Bussdgh very pertinently quotes 
Willard Gibbs' own reminder that, in the derivation of the pliose rule, energy 
depending on the surfaces separating heterogeneous masses is neglect^. 
Now colloidal systems aro those in which the size of the particles of the dis¬ 
perse phase lies between the wave-length of light (about 500 nvi) and average 
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itioleoular Bis5© (about 1 ncyi). In such systems, the portion of energy due 
to the interfaces is never negligible, and phase rule treatment breaks down. 
We are reminded, too, that Faraday's laws of electrolysis are not valid for 
colloidal systems, and that the solubility of a colloid is not independent of 
the mass of colloid present. 

The second half of the book includes masterly treatments of adsorption, 
the electrical properties of disperse systems, the formation and destruction 
of colloid systems, and other important subjects, to the study of some of 
which Dr, von Buzdgh has liimself made important contributions. 

This is a work of solid value. It is scarcely suitable for the junior student 
or the casual reader, who wishes to get a general idea of the content of colloid 
science. The author indeed assumes that his reader has already considerable 
acquaintance with the subject, and introduces such topics as the ultra- 
microscope, the Hardy-Schulze law, and the Hofmoister series, without 
detailed explanation. On the other hand, we have here a book which no 
serious student of colloid chemistry can afford to ignore, one which must 
take its place on the shelves of every good science library. 

The reviewer has observed one error in historical fact. Tlie author 
(p. 289) attribute's the name syneresis to Wo. Ostwald. More than seventy 
years ago, the wonl 9\fnaereais was used by Thomas Graham to describe the 
phenomenon of shrinking of a gel, with simultaneous extrusion of some of 
the liqmd phase (J. Chem, Soc., 1864, 17, 820). 

A word of praise is due to the translation, which shows none of the occa¬ 
sional awkwardness of phrase usually found in translations from German 
into English. The book is beautifully produced, and seems quite free from 

Kknnbth C. Bailey. 

Colloid Chemistry. By Jehoms Alexander, M.So. Fourth edition. 

[Pp. xviii -}- 606, with 43 figures and 1 folding plate.] (New York : 

D. von Nostrand Co., Inc.; London : Chapman & Hall, Ltd,, 1937. 

22s, net.) 

WoiOTGANO Ostwald once referred to colloids as “ Dio Welt der vemach- 
l&ssigten Dimensionen." With the appearance of Jerome Alexander’s Colloid 
Chemistry we observe the complete refutation of this colloidal caption. 
Indeed, the reader of the book (in its fourth edition) might, with some reeison, 
enquire what is not included by the term colloidal chemistry, for although 
the work goes under this unassuming title, its subject-matter ranges from 
quantum mechanics on the one hand to consciousness and mentality on the 
other. 

The author has endeavoured to bring together the facts of colloidal 
chemistry, in the widest sense, in a co-ordinated manner, reliance being placed 
on natural segregation rather than on any arrangement imposed by the 
adoption of systematic theories of colloidal phenomena. First, there ore 
seven chapters describing the colloidal state of matter. Then follows a long 
chapter dealing with properties and behaviour of colloids. The remainder 
and greater part of the book is devoted to practical applications, which are 
almost too numerous to mention ; sufSoe it to say that a start is made with 
meteorology and a termination with bioelectrioity. There is a very useful 
s^ion giving details of a number of simple experiments, while a glossary 
the burden of the ncm-specialist reader. 

The style is therefore almost wholly descriptive with the intention that 
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its appeal should be to the general (soientifio) reader. In various parts of 
the b^k it is sometimes difficult “to see the wood for the trees." For 
a reader already acquainted with this section of chemistry a surfeit of facts 
is easily assimilated and often stimulating, but for the non-specialist the 
result is apt to be confusing. This is a small fault, however, as the exhaustive 
references in the text and at the end of the book make it easy to follow any 
line of development. As a text-book, the volume is eminently suitable for 
students tending towards the biological side of chemistry, many of wliom 
have an apathy towaids quantitative expression of chemical j)henomena. 

H. W. MKLVinLK. 


Metallography. By C. H. Desoh, D.Sc., Ph.D., F.R.S. Fourth edition. 
[Pp. viii -f 402, with 18 plates and 145 figures.] (London, Now York, 
Toronto : Longmans, Green & Co., 1937. 21s. not.) 

It is fifteen years since the third edition of this well-known work appeared, 
and twenty-seven years since it was first published, and a comparison of 
the 1910 edition with the present volume affords an easy method of appre¬ 
ciating the great advances ma<le during the intervening j)eriod in this 
important branch of metallurgy. 

Even during the past fifteen years the progress has l>een so great that 
for the production of the present volume drastic revision of the whole work 
and the complete re-writing of many of the chapters has ben^n rendered 
nfjcessary, and has been carrieil out in an efficient manner. 

The previous editions have proved so valuable to teachers and students 
of the subject that it is satisfactory to realise tliat the general plan of the 
book has b(?en retainoii to provide a general introduction to tlie subject, 
the btvsis of which consists of thentml and microscopical examination. The 
improved technique of rect^nt years in connection with both these methods 
of examination is described and illustrated. 

The use of X-ray nu^thods of examination has proved to b© of very 
great value, and it is well to find that two cliapters specially prepared by 
G. D. Preston an; devoted to those methods, one to theoretical aspects and 
the second to experimental work. In these the various methods used are 
described and illustrated, and to the second of these chapters there are 
valuable appendices by the author himself, dealing with the lattice structure 
of the metals and the diffraction of electron beams. 

The thoroughness with which the revision has been carried out is well 
evidenced by the many references to work published during recent yearn, 
including 1937, and to subjcxjts such as growth of metallic crystals, single 
crystals, age-hardening, etc., to which work lias been devotcxl during these 
years. 

The work is excellently produc<xi and well illustrated by diagrams and 
very satisfactory plates of structures, etc., and can be thoroughly recom¬ 
mended as a text- or reference-book. C. O. B. 

Protective Films on Metals. By E. S. Hedges, M.Sc., Ph.D., D.8c., 
A.I.e. Second edition. Vol. V of a Series of Monographs on Applied 
Chemistry under the editorship of E. Howard Tripp, Ph.D. fpp. 
xvi -f 397, with 53 figures, including 15 plates.] (London: Chapman 
Si Hall, Ltd., 1937. 21a. net.) 

To those acquainted with the first edition of Dr, Hedge's book, the revised 
volume needs little recommendation ; the new edition follows closely the 
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lines of its predooewor, providing in the first six chapters a laseful survey of 
modem knowledge on corrosion. The author sets out to give, not a com¬ 
plete, encyolopsadic account of the subject, but a clear and interesting review 
which will be welcomed by all—^whether they are interested primarily in the 
scientific or in the industrial aspects of the subject. The introductory chapter 
on the electrochemical character of corrosion is followed by chapters on the 
attack on metals of pure air, pollutcxl air, and chemical reagents ; all these 
subjects are considered with special reference to the conditions imder which 
protective films are formed. The account of periodic phenomena connected 
with anodic treatment (with which the name of Hedges is so closely associated) 
will bo particularly appreciated. 

It may, however, be felt that, in places, insufficient space has been allocated 
to recent work. The new material incorporated in that section of the book 
which possesses most interest for the academic reader, is no more than 10 per 
cent, of the whole ; clearly in this space it is impossible to mention all the 
developments of the last five years. 

The last seven chapters, which have been thorouglily revised, and to 
which much new material has been added, ombrat!e the teclmical aspects, 
including protection by oxide and similar films, elcctrodeposited, hot dipped 
and spraye'd coatings, cementation and pMiints. 

Wliilst an author must be allowed complete freedom in his choice of 
subject-matter, the hope may perhaps be expressed that the tliird edition 
will include some reference to the r6le played by protective films in alloys 
intended for high temperature service, and a fuller accoimt of modem theories 
regarding the mechanism of film formation. The recent work of Wagner, 
Rainhold and many others has given a clear and quantitative explanation of 
the processes involved and appears worthy of mention. However, these 
omissions do not detract seriously from the value of this book, which will 
be welcomed by all. 

Finally, a word of praise is due to the publisliers ; both printing and 
binding are excellent, ^ Pbick. 

Steals lor the User. By R. T. Rours, P.I.C. [Pp. x + 280, with 90 
figuree, including 38 plates.] (London : Chapman & Hall, Ltd., 
1937. 2U. net.) 

The publication of this book is the direct result of a number of requests for 
the republication of matter contained in a series of articles which appeared 
in The Iron and Steel Industry during the years 1934-37. This republioation 
has permitted revision where necessary and the inclusion of additional matter 
which has added to the value of the work. In the main the book deals with 
plain carbon steels although certain alloy steels are mentioned from time 
to time in special connections. 

The subject is dealt with firom the practical point of view of the user 
of steel in engineering practice and the book should prove of great value 
to all engineers and many metallurgists. 

The matter is divided into eleven chapters, the first two of which are 
devoted to the mechanical quality and its assessment and to specified require¬ 
ments for commercial steels. This is followed by an account of the effect 
of composition on the mechanical qualities, and here the practical use of 
the iron-oarbofi diagram, which is described, is made clear and the chief 
effects of carbon, silicon, manganese, sulphur and phosi^orus are summarised. 
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Chap. IV is devoted to the two classes of art^eel, bright and ftoe-cutting, whioh 
are largely used in engineering practice, but to a consideration of which 
little published matter has bem dovotc^d. 

The heat-treatment of steel has throe chapters devoted to it, dealing 
with theoretical considerations, industrial heat treatment of low carbon 
steels and heat treatment of higli carbon steels respectively. 

To the case-hardening of steel a chapter is devoted, in which the various 
methods of applying the high-carbon case and its subsequent heat-treatment 
are dealt with together with the nitrogen case-hardening and the various 
svuface-hardening processes. 

Chap. IX deals with the important question of the use of steels at elevated 
temperatures together with methods of determination of limitmg-oreep 
stresses. 

Chap. X deals with fatigue testing and the final chapter is devoted to the 
general principles of selection for steels for service in which the uses of steels 
of carbon content from 0 06 to 1*16 are summarised. 

C. O. B. 


The Analytical Chemistry ol Tantalum and Niobium : the Analysis 
of their Minerals and the Application of Tannin in Gravi¬ 
metric Analysis. By W. B. Sohobllbb, Ph.D. With a foreword 
by G. Boohe Lynch, O.B.E., M.B., F.I.C. [Pp. xvi -f 198.] (Lon¬ 
don : Chapman A Hall, Ltd., 1037. 21^^. net.) 

Until comparatively few years ago our knowledge of the analytical reactions 
of the metals tantalum and niobium was extremely slight; very little work 
hod been done on these elements since the classic research of Marignao in 
1866, and the scanty literature on the subject contained many inaccuracies. 
In recent years the two metals have become of economic importance, and 
a fuller knowledge of their chemistry became imperative. In 1919 Dr. 
Schoeller and his collaborators commenced a systematic study of those, two 
elements from the analytical standpoint; their work was spread over a 
period of seventeen years, and the results are embodied in the present voltune. 
The book is divided into three main sections : in the first of these the various 
minerals containing tantalum and niobium are enumerated, and the methods 
of opening them up and analysing them are discussed. In this connection 
it should be pointed out that out of 62 analyses of tantalum and niobium 
minerals which are quoted, all but 3 were made before tlie present methods 
of separation became available. In view of the proved inaccuracy of the 
older methods the published figures are in many cases open to grave doubt, 
and a systematic reinvestigation of the composition of those minerals would 
seem to be called for. The middle section of the book deals with separations 
of the earth acids from other elements, and also includes the author's new 
process for the separation of tantalum from niobium, based on the fractional 
precipitation of the former by the careful addition of tannin and ammonia 
to on oxalate solution. The tantalum complex which is produced is yellow, 
the corresponding niobium one rod, which allows the progress of the fractional 
separation to be readily followed. 

The great value of tannin as a reagent in analytical chemistry, due to the 
ease with which it forms adsorption complexes with many elements, is 
emphasised in the final section of the book, whioh deals with a number of 
analytical processes of this type. 
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Every ohernkt who has had occasion to carry out analyses of the complex 
titanoniobate and tantaioniobate minerals will appreciate to the full the 
extremely valuable contributkn which Dr. Schoellor has made to chemical 
literature by his researches in this field. His long and painstaking work has 
led to the establishment of analytical methods which, although they are of 
necessity often rather complex, nevertheless yield separations as perfect as 
those obtainable in the case of the commoner elements. The book is one 
which is indispensable to all those mineralogical analysts who are concerned 
with wliat must still bo regarded as the most difficult field of inorganic analysis. 

H. F. H. 

Reagent Cbemicala and Standards. With methods of assaying and 
testing them ; also the propeuration and standardization of volumetric 
solutions and extensive tables of equivalents. By Joseph Rosin. 
fPp. X -h 530.] (New York : D. van Nostrand Co., Inc. ; London : 
Chapman & Hall, Ltd., 1937. SOs. net.) 

Until recently the chemicals of analytical purity called for by chemists 
were, apart from the volumetric reagemts, comparatively few in number. 
Nowadays highly purific'd substances are needl'd for such a variety of scientific 
and industrial purposes that the number is of the order of 600. Indicators 
and organic reagents alone have added very considerably to the list. All 
who use high-grade chemicals are much indebted to certain manufacturers 
for developing and publishing methods of testing reagents. To-day, how¬ 
ever, there is room for an independent and more comprehensive work—a 
need which was for a time filled by Murray’s Standarda and Tests for Reagent 
Chemicals. Tlie work under review is basinl on the same general plan, but 
the methods have been thoroiighly revised, and more than a himdred 
additional substances are discussiMi. 

The author has servinl on the American Chemical Society Conuuittoo 
on Analytical Reagents, and on the Revision Committee of tho U.S. Pharma¬ 
copoeia. He also brings to tho task the experience gained by many years' 
association with firms producing high-grade chemicals. He rightly stresses 
the value of determining the percentage purity of reagents, and gives methods 
of assay for about 70 per cent, of them. 

The section of twelve pages on the preparation and standardisation of 
volumetric solutions includes some recommendations which hardly maintain 
the up-to-date character of the greater part of the work. Since the mono¬ 
graphs section deals with a large number of pH indicators it is surprising 
that only methyl orange is suggested for the titration of acid against sodium 
carbonate. This traditional indicator, wlulst tolerably satisfactory for normal 
solutions, is decidedly inferior for acid as dilute as N/10. If it is desired to 
avoid boiling off carbon dioxide (in which case methyl orange is unsuitable) 
it is important to use an indicator which permits the end point to be judged 
to within 0-2 of a pH unit, since this is tho order of change produced by 
the addition of on© drop of N/10 acid beyond tho end point. A mixed indi¬ 
cator is much to be preferred. Of single mdicators bromo-cresol green, if 
taken to the greeniidi-yellow stage, gives a far sharper end point tlian methyl 
orange. The recommendation to check the normality of standard solutions 
by gravimetric methods is good, but surely ii\ these days when so many 
convenient types of filtering crucible are available it is time that the original 
Oooch form be relegated to the museum. 
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It miist be remembered that the section criticised is but a small fraction 
of the entire work, which is far more comprehensive in scope than any previous 
publication, and forms a most xiaeful addition to the literature of the subject. 

T. B. Smith. 


The Beactions of Pure Hydrocarbons. By G. Eqloff. American 
Chemical Society Monograph Series. [Pp. xviii -f 897, with 42 
figures.] (New York : Keinhold Publishing Corporation ; London : 
Chapman & Hall, Ltd., 1937. 84s. net.) 

Thb nature of this book is not at once appreciated from its title, but the 
first two sentences of Chap. I make it clear what is to follow : “It has been 
the purpose of the author to bring together in this volume the reactions of 
pure hydrocarbons which occur as the result of thermal, catalytic, photo>* 
chemical or electrical treatment. Reactions of hydrocarbons in the presence 
of non-hydrocarbon substances have been included only when the latter act 
catalytically and the reaction products ore hydrocarbons." 

The treatment of methane afibrds a simple example of the general 
method employed. First the results of investigations of the equilibrium : 
CH 4 C -f 2 H, are recortled in fair detail. Tlien the attempts to convert 
methane into hydrogen, into various forms of carbon, into ethane, into 
olefins, into acetylene and into aromatic hydrocarbons are dealt with. Later 
follows an accoimt of work on “ electro-treatment " of methane (spark and 
arc ; electric discharge ; cathode rays) and of the effect of a-particles. 

Under “ Reactions of Olefin Hydrocarbons " are given the various theories 
of poljrmerisation, and under the individual olefins numerous tables recording 
known results are set out. Some idea of the extent to which the author has 
surveyed this field is given by the fact that 244 references are given to the 
literature of olefin “ reactions." The polymerisation of acetylene and its 
homologues is treated very fully, and then follows a long chapter on reactions 
of aromatic hydrocarbons. The twenty pages of general theoretical discuiasion 
are of some interest, as are those which follow on benzene. Other hydro¬ 
carbons dealt with include cycloparaffins, cyclo-olefins and terpenes. The 
account of the work on isoprene makes one realise again that this book is 
written from a very unusual angle. 

That the volume under consideration will be very useful to many chemists 
cannot be doubted for a moment. About 1600 references are given to all 
kinds of journals, showing how exhaustively the author has searched the 
literature. There ore a few mistakes—surprisingly few : references 110 on 
p. 137 and 120 on p. 174 appear to have got mislaid in the preparation of the 
chapter bibliography. 

On the whole, the book is rather an imdigested collection of abstracts. 
It would be very handy for anyone starting a research on any of the subjects 
dealt with. It should appeal strongly to industrial chemists because it 
enables one to see quickly what work has been done, but it would probably 
appeal less strongly to academic workers, who would have liked the author 
to take up a more critical attitude and give his own opinions, which clearly 
must be valuable ones. The labour involved in collecting all the recorded 
facts must have been prodigious. 


E. E. TmiKBR. 
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Laboratory Practioa of Organic Cbamiatry. By Q. Rosa Bobbbt- 

BON, pPp. xii 4* 326, with 71 flgurea.] (New York and London: 

Macmillan & Ck)., Ltd,, 1937. Kb. net.) 

Thk author has endeavouretl in this book to combat the idea, occasionally 
voiced by our more armchair teachers, that practical organic chemistry con¬ 
sists mainly of a series of preparations which require little skill and less 
thought. A considerable portion of the book is dovotetl to the theories 
underlying laboratory manipulations, and material usually crammed for 
examinations imder the name of elementary physical chemistry is thus made 
intert>sting to thf) student and sliown to have a soul higher than a bit of 
mathematics. A number of the better “ tips " are given for making manipu¬ 
lation easier and more satisfactory. The drying of organic substances is 
very carefully discussed; anhydrous calcium sulphate is recommended for 
drying liquicls, and E. L. Smith’s ester hydrolysis method for drying ethyl 
alcohol. 

Tlie second half of the book deals with actual preparations, and here again 
the author adopts unusual, but excellent, tactics. He describes the deter¬ 
mination of water in rectified spirit by the miscibility method and suggests 
alternatives to tlie hackneyed preparations on which most of us were brought 
up. 

The writer recommends all chemists who work at benclies to read tliis 
book, though more senior onos must be indulgent. If our Ph.D. “ orals ” 
were tests of what a candidate knew of laboratory technique and not merely 
of a highly specialised piece of work, this book might bo taken fvs a good 
example of “What a Young Chemist should Know.” 

E. E. Turner. 

Sterols and Related Compounds. By E. Friedmann, M.D., Ph.D. 

[Pp. vii 4 100.] (Cambridge: W. Heffer & Sons, Ltd., 1937. 

7s. 6d. not.) 

This is a reprint of three lectiuos given by Prof. Friedmann, surveying the 
present state of our knowledge of the chemistry and biological properties 
of the sterols, bile acids, heart poisons, saponins, vitamin D, sex hormones 
and oarcinogonio compounds. Prof. Friedmann makes no claim to have 
produced an exhaustive treatise, but, in the words of Sir F. Gowland Hopkins, 
who contributes a foreword, “ to those who with small leisure realise the 
necessity of becoming familiar with tlxe essentials of the 8\ibjtK)t, this informa¬ 
tive volume will prove most valuable.” The tremendous and fundamental 
advances made in this field of organic chemistry in recent years, and the 
“ astonishing variety of tasks Nature can fulfil with sterols and their deri¬ 
vatives ” are vividly portrayed in an attractive style, and only an occasional 
use of an un-EngUsh expression betrays the fact that the author is not using 
his native language. The more salient features of the substances imder 
review are collated from a vast literature, and although there ore one or 
two misprints and a few inaccurate statements, such as the attribution to 
Diels of the production of chrysene by selenium dehydrogenation of cholesterol 
at 400'', and the assertion that both stereoisomeric csstradiola have a higher 
OBBtrogenio activity than cestrone, in its eesentialB the information given is 
reliable and up-to-date. The oomprehensive knowledge which has now been 
gained of the chenwcal relationships of the extraordinary diversity of natural 
products containing the carbon skeleton of the sterols perhaps tends to 
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obscure our ignorance of their biological origin and tranaformationfl, and yet 
serves to delineate the biochemical problems which still await solution. It 
is in this realm that the important advances of the future ore to be anticipated, 

J. W. C. 

The Biochemistry of Cellulose, the Polyuronides, Lignin, etc. 

By A. G. Nokman, Ph.D., D.Sc. [Pp. viii -f 232, with 13 figures.] 
(Oxford : at the Clarendon Press ; London : Humphrey Milford, 
1937. I5a. net.) 

Therk has bo( 3 n, in the past, a tondency to regard cotton cellulose as the 
prototype of all plnnt cellulose and to expect in consequence that wood and 
all other plant materials should yield on appropriate treatment a product 
closely approximating to or identical with this ideal. This misconception 
is due to a failure to recognise the almost unique position of cotton cellulose 
in occurring naturally in the seed hair as a practically pure chermcal, and the 
author rightly points out that it is unjustifiable to use cotton seed hair 
cellulose as a standard for comparison of structural coll-wall cellulose ; in 
the cotton plant itself the structural cellulose differs from the pure cellulose of 
the seed hairs being intimately associated with another polysaccharide xylan. 
For such associated polysaccharides, which may be xylan or in some eases man- 
nan, the author in conjunction with Hawley suggested, some years ago, the term 
Cellulosan. The amount of cellulosan in structural celluloses from different 
sources may be as high os 2(V“30 |>er cent., but is considerably less in high- 
quality fibres such as flax, hemp or ramie. The recognition of such cellulosans 
as essential constituents of structural celluloses explains many difficulties 
which stood in the way of interpreting experimental findings. A further 
branch of the subject in which much confusion lias hitherto existed has also 
been elucidated by the work of the presimt author and others ; Sohultze, 
who introduced the term Homicolluloso in 1892 for a group of substances 
extractable from cell-wall material by alkah, regarded thost? os true hexosans 
or pentosans or more commonly os hexo-pentosans ; it is now known that 
they are in reality polyuronides. Dr, Norman’s many contributions to the 
biochemistry of the cell-wall constituents have gained for him the reputation 
of one who has a systematic and orderly mind, and the clear and logical style 
of the present volume affords further amjile proof of this. There ore eight 
chapters with the following headings respectively—Cellulose, Polyuronide 
Hemicelluloses, Pentosans Hexosan and Hoxopentoaans, Pectin, Gums 
Mucilages and Gel-forming substances. Lignin, Metabolism of Plant Cell- 
wall constituents, Microbial Polysaccharides. Any one of these cliaptera 
may be read with profit and the feeling that light has been brought into dark 
comers and all who are interested in the biochemistry and composition of 
the plant cell-wall will be grateful to the author for the clear account he has 

provided of om present knowledge of an intricate subject. ^ ^ 

P. H.. 

The Chemietry and Technology of Rubber. Edited by C. C. Davis 
and J. T. Blake. [Pp. ii + 941, with 109 figures.] (New York: 
Roinhold Publishing Corporation ; London : Chapman & Hall, Ltd., 
1937. 76«. net.) 

This publication is one (No. 74) of the Scientific and Technological Mono¬ 
graphs on ohemical subjects which the American Chemical Society undertook 
to produce. The Society arranged for the publications of the swies 
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by the Chemioal Catalog Company Ino., of which the Reinhold Publishing 
Corporation is the successor. 

The object of the publication is to systematise and co-ordinate the 
important facts of rubber chemistry, to discuss critically such knowledge in 
the light of both theory and practice, to call the attention of research workers 
to original sources of information, to stimulate their work and also to supply 
non-rubber chemists with authoritative information on every branch of 
rubber chemistry and technology. In the past, it is suggested, books on 
rubber chemistry and technology have failed because no onc^ rubber chemist 
has been able to write authoritatively and critically upon every phase, but 
to the present publication of twenty-five chapters thirty-nine authors have 
contributed, all of whom are eminent in their particular section. 

The amovmt of overlapping is small considering the inter-relationship of 
certain chapters contributed by diiferent authors, and detracts in no way 
from the value of the book, os the authors have tended to present the same 
facts from a different aspect. 

The book deals first with the chemioal and physical properties of raw 
rubber and the rubber hydrocarbon. Theories of vulcanisation are discussed 
together with the action of fillers, reinforcmg agents, ac^celerators and anti¬ 
oxidants and the tlieorios of their respective influences. Vulcanised rubber 
is dealt with in detail and is followed by chapters on the deterioration of 
mbber by heat, light and ozone and on the electrical behaviour of rubber. 
I^tex and its industrial application, gutta percha and balata, reclaimed 
rubber and substitute rubbers, form the subject-matter of other chapters. 

This is an authoritative and comprehensive publication which will be 
needed by every research and technical chemist interested in rubber, and 
which may be given an unqualified recommendation. T J D 

Food Preparation. By Marion D. Bwketman. Second edition. fPp, 
xii -f 449, with 64 figures.) (New’ York : John Wiley & Sons, Inc. ; 
London ; Chapman & Hall, Ltd., 1937. 16«. net.) 

The first impression of the title Food Preparation loads one to expect the con¬ 
tents to be the processes of manufacture of foodstuffs, either from a commercial 
or household standpoint. Inst^etvd of this the main purpose is to supply 
the fundamental knowledge of the composition of foods, which includes a 
concise description of the vitamin content of foods and their effect on the 
human system ; the important effects of the five senses—tasting, smelling, 
hearing, seeing and feeling—on the preparation and intake of food. Defini¬ 
tions are given of the various terms used in the preparation and manufacture 
of foods. In a chapter on the structure of foods, useful information on 
dispersions and their types is included. 

As the book is of American origin, there is a wider source of infonnation 
given of the cereals, cooked and uncooked, with comparisons from the nutri¬ 
tion standpoint, than is generally given in an English book. Two complete 
chapters have bean devoted to the subject of fruits and vegetables, which 
describe the composition, appraisal as foods, cooking and preservation by 
*naans of canning, drying, fermentation and in the case of fruits also with 
sugar. 

Milk and its various forms, skimmed, pasteurised, condensed, evaporated 
and malted milk, milk products—butter and cheese—and their process of 
manufacture are briefly outlined. Other subjects dealt with are eggs, fats 
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and oik, BUgan), meat and flour mixtures. The chapter on the last Buhjeot 
named clearly indicates the book has been compiled for the use of students 
taking the higher courses in domestic science, and ako that the products 
made in America differ somewhat from those made in England. 

There is much subject-matter included in the book which will be of value 
to the vocational student and chemist interested in foodstuffs, and it can 
be recommended as a text-book for Domestic Science Training Colleges and 
a reference book for private and public libraries. 

Marion Chadwick. 

The Art ol Carburation in Theory and Practice, including Fuel 
Distribution in Manifolds, for Designers and Engineers. 

By R. W. A. Brewer, F.S.E., A.M.I.C.E., MJ.A.E. (Pp. xii + 
176, with 161 figures.] (London: The Technical Press, Ltd., 1937. 
215. not.) 

CoBtFREHENSiVE literature on this all-important subject is rare, although 
much scattered information appears in a variety of teclmical journals. 

The author is to be congratulated on his lucid and thorough exposition 
of a subject of the greatest impK^rtanco to designers and research engineers. 

First princij)le 8 are dealt with in a logical and easily oomprehendeci manner. 
Physical and hydro-dynamical data, together with their applications to the 
subject, are abundant. Much useful information on the general nature of 
motor fuels is available also, though, from the petroleum technologist’s point 
of view, this is not particularly extensive or up-to-date. This is a minor 
criticism and is possibly inapplicable to a work dealing mth general principles. 

The historical section, dealing with carburettor types, should bo brought 
up-to-date, since it appears to end circa 1926. 

Inlet manifolds are discussed at some length and the author has obviously 
made a profound study of the subject. 

Tills is a book that should certainly find a place in every well-equipped 
design department. 

L. G. C. 

Practical Agricultural Cheznistry. By S. J. M. Auld, D.Rc.(Lond.), 
Ph.D. (Wurzburg), F.I.C., F.C.S., and D. R. Edwakdes-Ker, O.B.E., 
M.A.(Oxon.), B.Sc.(Lond.). fPp. xxiv -f 246, with 32 figures, includ¬ 
ing 4 plates.] (London ; John Murray, 1937. 65 , not.) 

This is a reprint of the second edition of this well-known and popular book 
at a price which should bring it within reach of all who are interested in the 
subject. As the text has not been altered in any respect since 1921 it naturally 
is lacking in any of the more modern developments, but in spite of thk the 
book contains much valuable instruction and is fundamentally sound. 

P. H, 


Modeni Glass Working and Laboratory Techniq[ue. By M. C. 
Nokes, M.C., M.A., B.Sc.(Oxon.). [Pp. xiii 4* 163, with 84 flgureB.] 
(London : William Heinemann, Ltd., 1937. 75 . 6d. net.) 

Increase ir the importance of glass-blowing and allied technique, not only 
to the chemist but increasingly to the physickt, renders the appearance 
of this book most opportune. 

The fundamental o|jerations of blowing and working glass, and the ropair 
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and oonatruotion of soft glAss apparatus^ are adequately described in the 
first four chapters. But the real novelty of the book lies in the chapters 
that follow. These describe for the information of science teachers and 
students the handling of Monax and Pyrex glass, the correct methods for 
making metal-to-glass seals, the assembly of vacuum tubes and photo-cells. 
The book closes with a valuable section on vacuum technique. 

One of the most useful services this book can render is to bring home 
U} the average non-professional glass-blower, who has to make his own 
apparatus, the fact that it is far easier to make an elaborate piece of glass 
apparatus out of Monax or Pyrex than out of soft glass, as the liability to 
crack on cooling is infinitely less with these glasses. 

The best test of a book of this nature is a practical one. To make it, 
a non-expert glass-blower who had never blown Pyrex glass before was 
asked to make from instructions in the book a Pyrex all-glass condenser, 
a soft glass vacuum tube and a Monax glass vacuum tube, both the latter 
with proper aluminium electrodes. It says much for the clarity and accuracy 
of the instructions tliat those throe operations were j)orfornie<l at the Erst 
attempt without any hitch. 

It is quite certain that tliis book should be available in every laboratory 
in which anmateur glass-blowers have occasion to make any glass apparatus 
for themsolvos. 

In a future edition instructions for making and \ising a mercury still 
would probably be welcomed. 

W. H. B. 

GEOLOGY 

The Age of the Earth. By Arthur Holmjbb, D.Sc., A.R.C.S., M.R.I.A., 
F.G.S. Nelson Classics. [Pp. 263.] (London: Thomas Nelson & 
Sons, Ltd., 1937. Is. 6d. net.) 

The second edition of this little book succoods in compressing into its 263 
pages a surprising amount of informative detail on a subject on which a 
great deal of painstaking work has been done during the lost quarter-century. 
It is not altogether clear what amount of geological knowledge is demanded 
of the reader, but with the exception of the mathematical discussions on 
pp. 146-9, and in places the somewhat free use of petrological terms, the 
book is one which might be read with interest and advanteige by extra-mural 
students of general science. 

After setting out the problem to bo dealt with, a clear exposition is given 
of methods now discarded in the light of later knowledge, and this is followed 
by descriptions of the newer criteria such as the helium and the lead methods. 
Cycles and revolutions in the history of the earth are dealt with in Chap. 6, 
the work concluding with the evidence of meteorites and the cosmic time 
scale. A most usefiil glossary of technical terms assists the non-technical 
reader to follow the more alwtruse pieces of reasoniiig. 

It is by no means easy to present in so lucid a manner the results of a 
nuM86 of long and pidnstaldng work from many countries, and quite apart 
from its undoubted value to non-speoialist minds, the book can be thoroughly 
recommended to more advanced students as a most admirable survey of a 
difficult subject. 


B. H. Kkxoht, 
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X^s Bessouroes min^rales de la France d'outre-Mer. Tome V : 
Le Petrole. [Pp. iv + 203, with 37 figures, including 3 plotee.] 
(Paris: Sooi^t4 d'fiditions (J^graphiques, Maritimes et Ck>lonial6S, 
1937. Frs. 45.-.) 

This is the fifth and last volume of Ressources in the fine series of works on 
the mineral deposits of French overseas possessions which has of late years 
been published by the Bureau d’fitudes G^ologiques et Mini^res Coloniales. 
The book is divided into ten chapters. The first two, by H. do Cizanoourt, 
on the general characters of petroliferous deposits and on the general prin* 
ciples of research and prospecting for oil respectively, form a valuable short 
treatise (79 pp.) on the geology of petroleum which has been expressly written 
for the interested technical and colonial public. Chap. Ill, by L. Migaux, 
deals with petroleum in Morocco (40 pp.), the richest French oil field. Chaps. 
IV, V, and VI, all by H. de Cizanoourt, deal respectively with Algeria and 
Tunis (39 pp.), French Equatorial Africa (13 pp.) and Madagascar (16 pp.). 
In Chap. Vn, L. Dubertret writes on prospecting for oil in Syria (18 pp.) ; 
and in Chap. VIIT F. Blondel deals with petroleum resoiu*c 08 in the remaining 
French possessions (3 pp.), including Indo-China, Now Caledonia, French 
West Africa, etc. 

Although Iraq is not a French possession its proximity to Syria, and its 
value to France as a source of oil supply, liavo necessitated a chapter (IX) 
on petroleum in Iraq, which has been entrusted t>o H. do Cizanoourt (11 pp.). 
Chap. X, by J. Filhol, which completes tht' work, deals with the position 
of Franco in relation to the world oil market (18 pp.). We learn that in 
1934 France imported 0,169,672 tons of petroleum, of which the United 
States and Latin America each supplied about 30 per cent., Russia and 
Roumania 20 per cent., Persia and the Dutch East Indies 15 per cent., and 
other sources 6 per cent. 

The work is well illustrated by maps and sections, is excellently printed 
and produced, and, in its writing, continues the tradition of terse clarity 
established by the earlier volumes of the series. 

G. W. T. 

PEDOLOGY 

The Cycle of Weathering. By B. B. Polyhov, D.Sc. Translated by 
A. Muir. [Pp. xii + 220, with 4 figures.] (London : Thomas Murby 
& Co., 1937. 10«. 6d. net.) 

This book is apparently the forerunner of another which is to deal with 
Soils and their formation. In this volume the author takes a brood view 
of the earth’s crust—solid, liquid and gaseous—as the arena of two comple¬ 
mentary sets of processes. Hie exothermic processes tend to the production 
of the substances which are chemically most inert and physically least highly 
dispersed, while the endothermic processes, in direct opposition, bring ai^ut 
the accumulation of energy. Thus sulphur is considered as being brought 
during volcanic activity to tlie earth’s surface, there passing rapidly from 
vapour through liquid to solid and then less rapidly to oxide and sulpliate, 
there reachuig its lowest energy level. It is then considered, although a 
little loss convincmgly, that these compounds become buried, acquire new 
forms of energy and return to the surface where the energy is again released* 
The author presents the prooossos in the first few pages as cycloid rather 
than cyclic, that is to say the cycles themselves are conceived as changing 
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in long periods of time. The changes are not changes merely represented 
by a circle for ever turning but by a point on the circumference of a circle 
rolling in a straight line/* The compcurison of the atmospheric and stufaoe 
composition of the earth with that of other planets convinces the author 
that the earth is only at one stage in a general transformation. 

It is within this stage, however, that the interest for most readers lies 
and the changes within the present sphere of weathering, as it concerns us 
in a lifetime, are the main considerations of this book. The various elements 
are taken in turn and cyclic changes as determined by their association 
with living organisms, formation of colloidal compounds, power to be absorbed 
and 80 forth, are dc?scribed. In a final chapter these changes are surveyed 
os a whole. 

An appendix gives a concise account, with appropriate references, of 
present views of the structure of silicates. 

Some amount of surmise is inevitable in a treatment of this kind, but its 
philosophical basis is very intriguing and its argument is very stimulating. 
It is a very welcome^ contribution t/O the literature of pedology and those 
who ri^od it will hope for the following volume at an early date. 

N. M. C. 


BOTANY 

Plant Ecology. By Hilda Dbabblk. fPp. 142, with 12 plates.] (Lon¬ 
don : Edward Arnold A Co., 1937. 7«. 6d. net.) 

This book is primarily a text-book and it aims at giving, firstly, a straight¬ 
forward and simple description of British vegetation and, secondly, some 
idea of the 600 };>e of plant ecology in Britain. A book of this type has long 
been badly needed and there is no doubt that the present volume will serve 
a very useful purpose. As this indication of its character shows, it is not 
written primarily for the specialist, but rather for the student and general 
reader. 

The book is divided into two ports. The first of these deals, on some¬ 
what conventional lines, with the general properties of plants as individuals 
end of their habitats. This section concludes by introducing a few necessary 
ecological terms and concepts, though those ore reduced to the minimum, 
a very useful feature. The second paxt deals with British vegetation and 
with the factors associated with the distribution of different vegetation 
types. The plant communities considered cover most of those cliaracteristio 
of this country, particular emphasis being laid on woodlands (four types), 
heaths, moorlands, downs and grasslands, while the vegetation of fresh 
water, of the sea shore, of mountains and of cultivated land is treated rather 
more generally. The descriptions ore always adequate. This peurt of the 
book also includes a useful cliapter describing and illustrating plant suc¬ 
cession. It possesses otherwise three attributes of value. It is not over¬ 
burdened with long listB of species ; no attempt is made to deal with the 
nomenclature of plant communities, the bane of much ecological writing 
^ the general reader; and, finaUy, the descriptions include some admirable 
illustrations, these being from photograplm by Prof. B. J. Salisbury. 

Apart from its value aa an aid to students, the chief virtue of this work 
tmy prove to be that it may bring to a point the differing opinions on what 
should be included in the elementary study of plant ecology, a subject too 
eactensive for a discussion in a short review. The purely desoriptive method 
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of treatment adopted in this book hae much to recommend it, partaouiaarly 
because it possesses the merit of simplicity. But simplification may lead to 
omissions or condensation which will not always meet agreement. In the 
present instance, we may note the absence of any reference to the 
Festuca type of siliceous grassland, a type more extensive in Northern and 
Western Britain than some of those chosen for description. 

The list of references given in conclusion is useful smd on the whole repre¬ 
sentative. Oampton’s Vegetation of Caithness and Moss’s Vegrlation of the 
Peak District liave had much influence on ecology in Britain and seem to 
have stronger claims for inclusion in the literature list than some of the 
more sp>ecialised papers included. 

W. H. P. 

Economic Botany. By A. F. Hill. McGraw-Hill Publications in the 
Agricultural and Botanical Series. [Pp. x -f 592, with 225 figiu*e8.] 
(New York and London : McGraw-Hill Publishing CJo., Ltd., 1987. 
24s. net.) 

Th® literature of economic botany is widespread through a great variety 
of journals and comprises so extensive a field, whether wo approach the 
subject from the botanical or tt^hnicological side, that text-books in this 
branch of knowledge are as essential os they are rare. 

The subject-matter dealt with in this book is classified according to the 
nature of the plant products. The successive chapters in the first section 
deal with: Fibres and Fibre plants. Forest products. Tanning and dying mater¬ 
ials, Rubber and other latex products. Gums and resins, Essential oils, Fatty 
oils and waxes. Sugars, starches and cellulose products. The second section 
treats of Drug plants and drugs, a third with Food plants, in which the 
chapters are allocated to the history and nature of food plants, the Cereals, 
Legumes and nuts. Vegetables, and Fruits. Two chapters classed as food 
adjuncts concern spices, flavoiuing materials and beverages. There is also 
a systematic list of the species cited and a brief bibliography of 160 reference 
works. 

Most of the illustrations arc reproductions from photographs of the plants 
or their ports and in many instances occupy from a third to a half of a page. 
When allowance is made for these, it will bo realised that with so wide a 
scope the information accorded is necessarily often very brief and sometimee 
meagre. Indeed, one cannot but feel that, whilst these pages contain much that 
is of interest, the attempt to cover so wide a field in so comparatively short 
a space has resulted in a not infrequent superficiality of treatment that 
detracts from an otherwise admirable production. 

E. J. S. 


BIOLOGY 

Biology lor Students of Pharmacy. By E. J. Mode®, M.C., M.Sc. 
[Pp. viii -f 415, with 204 figures, including 8 plates.] (London i 
Edward Arnold & Co., 1987. 16s, not.) 

This book has been published to meet the altered needs of the student working 
for the Preliminary Scientific Examination of the Pharmaceutical Society, 
now that he is called upon to study zoology in addition to botany in his 
first year. This change is obviously a very desirable one, since the phar¬ 
macist now has to an increasing extent to deal with substances of 
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origin, «iich as inmilm and other endomne oompounds, while the nee of 
drugs of plant origin is on the decline. 

Mr. Moore^B aim is to cove: the whole of the groimd required in one 
volume. The first half is devoted to botany, and in this he gives a straight¬ 
forward account of his subject. This part of the book is clear and accurate ; 
the diagrams are good, though some are rather small. 

The zoological section which occupies the latter half of the book is less 
satisfactory. The author seems to have kept the rather confined syllabus 
too much in mind, with the result that the U^xt amoimts to the mere des¬ 
cription of the types to be studied. Thus there is too little reference to 
function, adaptation or to comparative anatomy. Without these zoology 
becomes a dead subject. Further, it is surprising that in the chapter on 
the Malarial Parasite there is no mention of quinine, though one would 
have thought that reference to treatment by drugs would have been of 
special interest to the budding pharmacist. A number of errors have been 
noted, e,g, the account of the copulation of the earthworm is inaccurate 
(p. 293); the bones of the rabbit's skull do not arUcukUe in sutures (p. 311); 
the text (p. 367) suggests that the young liver-fluke passes from the intestine 
to the liver of the new host along the bile-duct instead of by way of the blood 
stream ; and the term “ Protista is used in a very imusual way (p. 274). 
It is to be feared that the student will not get the zoological knowledge 
which will stand him in good stead in his examination, as the book stands 

C. C. HKNT8CHEL. 

Ecological Animal Geography. Authorised, rewritten edition based 
on R. Hesse’s Tiergeographie auf oekologiacher QrundUige, Pre¬ 
pared by W. C. Aixee and K. P. Schmidt. [Pp. xiv -f 697, with 
136 figures.] (New York : Jolin Wiley & Sons, Inc. ; London: 
Chapman Hall, Ltd., 1937. 30s. not.) 

At last we have on English version of Richard Hesse’s pioneer work. It 
will bo acclaimed, not only by teachers of zoogeography, but by all those 
zoologists—and nowadays they ore the majority—who are concerned to 
discover what determines an animal’s ability to live in one environment 
rather than in another. Only those who have tried for themselves to extract 
from a scattered literature the relevant facts of ecology as these affect the 
world-distribution of animals can appreciate the tcusk Hesse undertook and 
the debt they owe him for the unified and vivid book that in 1923 was the 
outcome of his labours. 

Ecological and historical ” zoog€>ography must be considered as com¬ 
plementary aspects of the same subject. Animal ecology is a relatively 
new study, and it has found but little place in English text-books read by 
the geographer. Yet, as Hesse pointed out, “ it bears the germs of a truly 
causal science,” and so provides a necessary corrective to the dogmatism 
or the fanoifulness indulged in by those who follow solely the older method 
of approach to the problems of present-day distribution. 

This edition in English of Hesse’s book is admittedly a very free trans¬ 
lation. Moreover, with the author’s full consent. Prof. Alice and his col¬ 
leagues have rewrittim certain portions, have done something to mitigate 
the severities of technicality, and have seriously attempted to bring the 
work up-to-date in a number of Important respects. While scrapping what 
•oowaed obsolete, it is a pity that they did not go a little farther in some 
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direotions. Nowadays it is impossible^ for instance* to discuss the problem 
of reef corals and their symbiotes without any reference to Yonge’s work on 
the Barrier Reef, for that upsets the theories in vogue when Hesse wrote. 

But we are so grateful to the American translators for what they have 
achieved that it would be ungracious to dwell on minor defects. Here is 
a classic work made worthily available to the English student, and all nniver* 
sity libraries should place it on their shelves. 

D. L. M. 


Oyster Biology and Oyster Culture. By J. H. Orton, D.Sc., F.L.S, 
Based on the Buckland Lectures for 1936. [Pp. 211, with 67 figures.] 
(London : Edward Arnold & Co., |937. 5s. net.) 

No animal which lives in the sea has proved a more fascinating subject of 
biological research than the oyster. From prehistoric times men of all rac^es 
and climes have acclaimed its edible qualities. The Romans sought it os 
far aheld as the coast of Kent and wore also the pioneers of oyster culture. 
The increasing demands of the enlarged and wealthier population of the 
nineteenth century, by causing serious depletion of the prolific natural beds 
of Europe, led to the re-establishment of culture on a large scale, notably 
at Aroaohon on the Biscay coast of France. To-day oysters of many different 
species are cultivated in Europe, America, Japan and Australia. ITio claims 
of a great industry have stimulated and financed research all over the world. 

Prof. Orton has brought together in this delightfully produced little book 
information from many sources—^not least his own extensive researches— 
on the biology and culture of oysters. The first half contains undoubtedly 
the best aocoimt yet published on the structure and natural history of OsPrea 
edulie, our own native ” oyster. The very numerous illustrations, taken 
from original papers from diverse sources, add greatly to its value. The 
only statement to which exception can be taken is that the oyster contains 
haemocyanin in the blood. The work of Takatsuki does not support this. 
The fascinating subject of sex-change and spawning, to wfiioh the author 
has made such important contributions, is especially well treated and data 
ore given for other species. 

The concluding section of the book deals with the manifold problems of 
oyster culture. Tliis will be of especial value to the oyster grower, but no 
biologist interested in the relations of the animal to the environment can 
fail to find much of compelling interest in the mass of information which 
the experience of the oyster grower and the researches of zoologists have 
collected on the biology of the oyster, the problems of cultivation, protection 
from enemies and unfavourable conditions, pollution and purification. In 
every way the most fitting praise for Prof. Orton’s book is tliat Frank Buck* 
land, who made its publication possible, would have been delighted with it. 

C. M. Y. 


The Nation’s Sea-Fish Supply. Being the Buckland Lectures for 
1936. By E. Fobd, A.R.C.S. [Pp. 112, with frontispiece, 3 plates, 
and 8 figures.] (London : Edward Arnold & Co., 1937. 3s. net.) 

Those acquainted with Mr. Ford’s long devotion to herring problems may 
have been surprised by his choice of subject for the Buckland lectures of 1936, 
but no subject could have been more timely, and no competent writer could 
have undertaken it with a fuller sense of its importance to the fishing industry 
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and the nation. Seventy years ago the sea-fiBheries of the country were 
liberated from a multitude of harassing State restrictions, and their colossal 
development during this period of freedom is known to all. Attempts to 
reintroduce restrictions have been rejected by Parliament time after time. 
Then suddenly during the industrial depression a few years ago all this was 
changed. Tlie groat post>war shrinkage of foreign markets, the high costs 
of proiluction, and the competition of cheap tinned and other foods at home 
brought all branches of the fishing trade to on economic crisis. Over-pro¬ 
duction and the prospect of a permanently reduced demand pointed to the 
necessity of some form of re-organisation, and the trade, lacking initiative 
end in face of bankruptcy, capit\ilated to the idea of Governmental control. 
By the 8ea Fishery Act of 1933 all British fishing outside territorial waters 
was brouglit imdor a system of State regulation, and our markets were closed 
to supplies of fish not conforming to State specifications. 

This momentous change is the subject of Mr. Ford's first lecture. “ We 
have broken with the past,” he says, ” in a tremendous way and now face 
the future with altered standards of fishing practice, in which State prescrip¬ 
tion takes the place of personal liberty. We see in this the beginning of a 
bold experiment, undertaken at a time when constructive action was impera¬ 
tive. It is an experiment in which every aid known to science and industry 
will bo needed to ensure success.” In his second and third lectures (or chap¬ 
ters) Mr. Ford deals fully and lucidly with the considerations wluch underlie 
two of the Ministry’s first regulations, one standardising the size of mesh to 
bt^ used in the fishermen’s nets, the other prescribing the size-limits of the 
fish to be marketed. These reasons, based upon thirty years’ continuous 
research and experimentation, must be admitted to be substantial, if not 
in ©very respect conclusive ; but, with Parliament’s acceptance of the method 
of exxx)rimental legislation, no one can complain if the responsible authorities 
cut some argumentative knots with the sharp sword of an Order in Council. 

W. G. 

Salmon Caught in the Sea—North^weat Sutherland, 1936. By 

Q. W. Hartubv, B.So. Fisheries,Scotland, Salmon Fish., 1937, No. Ill, 

[Pp. 21, with 6 figures.] (Edinburgh : H.M. Stationery Office, 1937. 

la. net.) 

Mb. Hartley was in charge of the Salmon Marking operations carried out 
by the Fishery Board for Scotland in 1936 at Loch Inohard just south of Cape 
Wrath, and which have already been reported upon by Mr. Menzies, the 
Inspector of Salmon Fisheries. Looh Inchard is a grilse fishery, and 80 per 
cent, of the fish marked were grilse, actually 1006 of the total of 1255. 

This paper is a earefUl and detailed analysis of the fish, their age groups, 
calculated lengtlis, condition factors, monthly percentages, etc. The smoit 
migrations indioated on the scales are of some interest, 69 were two years 
old at time of first migration, 29 per cent, throe years, and 2 per cent, four 
years. The last is an indication of the northerly region of early growth. 
The grapliioal analysis helps to demonstrate the heterogeneous origin of the 
fish dealt with. Boales showing absorption were infrequent, but the fishing 
ooft«od on August 11. 


W. L. C. 
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Tlie Suxiaoa Water Drift in the Northern and hUddle Areas of the 
North Sea and in the Faroe-Shetland Channel. Part II. 

Section 3. By John B. Tait, B.Sc., Ph.D., F.R.S.E. Ftoheries, 
Scotland, Sci. Invest., 1937, No. 1. [Pp. 60, Mdth 49 figimie.] (Edin- 
burgh : H.M. Stationery Office, 1937. Za. net.) 

Durino tho five years 1910-14 inclusive, the Fishery Board for Scotland 
carried out extensive series of experiments with floating bottles designed to 
drift with tho upper waters of the sea. Each bottle was numbewHl and liber¬ 
ated, at a known time and place, out at sea. It contained a numbered card 
with directions in various languages asking that the card should be returned 
with a statement as to when and where it was found. Out of 4826 bottles 
liberated, 1096 cards were so returned. The plan of the experiments wa« 
a familiar one, but tliis particular series appears to have yielded more detailed 
infonnation than any other. 

The results of the experiments have been studied with untiring energy 
and great resource by Dr. Tait, who joined the staff of the Fishery Board 
after the war. His first report, issued in 1930, was a preliminary one on the 
whole series, and he has since issued three detailed reports dealing respectively 
with the cxjieriments of the years 1910, 1911 and 1912. The report now 
under review is the third of these and its special title is, “ A cartographical 
analysis of the results of siufoce drift-bottle experiments of the year 1912 ; 
with a discussion on some hydrographical and biological implications of the 
drift-bottle results of 1910, 1911 and 1912, including statement of a theory 
of the upper water circulation of the northern and middle North Sea.’* 

One of the principal difficulties ofthe analysis is that the details of the system 
of surface drift-currents change from month to month and are not the same 
during corresponding months in different years. But Dr. Tait has produced 
a very interesting chart which gives his conclusions as to the general pattern 
of the non-tidal movement of surface waters. The variations which occur 
are in the positions and sizes of the various elements of the pattern and in the 
speed of the circulation. One of the chief features of this pattern is that 
water from the Atlantic enters the North Sea by way of the channel betweeir®^^' 
the Faroe and Shetland Islands and then through the western part of the 
broad channel bt^twoen the Shetlands and Norway. Contrary to what had 
previously been widely supposed, practically no water enters the North Sea 
through tho passages between the Shetlands and the mainland of Scotland. 
The chart shows a large counter-clockwise eddy occupying all the central 
portion of the northern part of the North Sea, and a number of smaller eddies 
spread over the whole region of the North Sea north of latitude 64^, and of 
the Faroe-Shetland waters. Between these eddies there is a system of 
fairly narrow streams, each consisting of water moving more rapidly than 
that on either side. » _ 

V • A • 

A Monograph of the Acanthodriline Earthworma of South Afrioa. 

By G. E. PiOKTOBD, Ph,D. [Pp. 612, with 683 figures.} (Cambridge : 

W. Heffor A Sons, Ltd., 1937. 26s. net.) 

Thb Acanthodrilinae of South Afirica are an ancient and probably reliot 
element of tlie earthworm fauna, and Dr. Piekford hoe investigated them 
from a variety of aspects, the morphological and taxonomic, the evolutionary, 
the distributional and the geologioal. Certain interesting and curious 
conclusions emerge. In the matter of their classification^ true relationsb^ 
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toe extremely diflloult to eetablkht because the meristic ohangee and the 
gradual aoquiastkm and reduction of organs, which constitute the material 
of the syatematiet, manifest themselvos again and again in wholly unrelated 
forms. These evolutionary trends are apt to obscure natural relationships, 
which can, therefore, only 1^ inferred by taking into account the total number 
of characters common to the various species, on the principle that species 
having many characters in common are more likely to be related than those 
that have only a few. 

The distribution of thc^ earthworms in South Africa depends upon the 
average annual rainfall, and areas in which the rainfall is below 20 inches a 
year form an effective barrier against Uieir dispersion. Cyclical climatic 
changes, such as are known to have occurred in Quaternary times, acoom« 
panied by alternating wet and dry periods and by the consequent expansion 
and contraction of the Aoanthodriiine population, have brought about 
geographical isolation, an important factor in the formation of species. Dr. 
Pickford believes that the specihc and varietal characters are devoid of 
adaptive significance and finds that the evidence supplied by her studios 
supports the conclusions of 8. Wright. She holds with Wright that both 
inbreeding in small isolated populations and severe selection in large popula¬ 
tions lead to fixation of typo and render the population unresponsive to 
wivironmental changes, since adaptive clumges must wait upon the rare 
occurrence of favotirable mutations. The best conditions for evolutionary 
cliange ore those to be found either in a medium-sized population mutating 
in a random and non-adaptive manner but without fixation of type, or in a 
large population divided into partially isolated sub-groups where rapid 
inbreeding may lead to the temporary stabilisation of different types without 
the sacrifice of the pliability of the species as a whole. 

Among the Aoanthodrilinee there are species that inhabit geographically 
restricted areas and these have relatively constant non-adaptive cliaracters. 
This may well be the result of close inbreeding. Others have both a fairly 
wide range and a more or less fixed type, and these have probably had a 
similar history but have undergone a rapid expansion in response to an 
increased rainfall. Others again are split up into a number of partially isolated 
geographical races, presumably the result of local inbreeding. 

Dr. Pickford believes that the ancestors of the present Aoanthodrilines 
were brought to South Africa in the Pleistocene by the West Wind Drift, 
probably fiom South America, and devotes a chapter to their distribution 
in relation to geological history. In the systematic section she describes 
B5 species and a number of sub-species and races, of which a large percentage 
are new. 

Many of her conclusions are rather speculative and open to question, but 
her monograph is undoubtedly a genuine and important contribution to our 
knowledge of the group. The proof-reading leaves something to be desired. 

C. C. A. M, 


Invisible Radiations of Organisms, ByOrroRAHK. With an Intro¬ 
duction to the Physios of Radiation, by Sxdnxv W. Babnxs. Proto* 
plasma-Monographien, Vol. 9. x 4* 216, with 62 figures.] 

(Berlin i Qebrfidor Bonitrseger, 1936. RM.13.20, bound.) 

Fxw questions in biology have excited mote controversy than that of mito- 
genetic radiation, and few oan have aroused less interest in this country. 



SCIENCE PEOGEESS 


184 

Yet upwards of 600 publications dealing with this subject have appeared 
since Gurwitsoh claimed, in 1923, to have demonstrated the emission from 
onion roots of radiation which stimulated cell division in other onion roots. 
A very considerable mass of data has now accumulated which, according to 
believers in mitogenetic rays, indicates that chemical reactions and living 
cells emit ultra-violet radiation of wave-lengths between 1900 A. and 2500 A., 
and of very low intensity, and that this radiation brings about an increase 
in the rate of cell division of living material on which it falls. 

Prof. Hahn is a firm believer in the existence of mitogenetic radiation, 
and in this book he gives a clear statement of the work wliich has been done 
on these alleged invisible radiations of organisms. The book opens with a 
clearly stated summary of the physics of radiation by Dr. 8. W. Barnes which 
will be found very useful for the biologist who is not equipped with a deep 
knowledge of physics ; if anything, this account perhaps is a trifle too con¬ 
densed. After a chapter on the sources of radiant energy there follow chapters 
on the effect of ultra-violet radiation upon cells, methods of observing 
biological radiation, special characteristics of biological radiations, analysis 
of the mitogenetic effect, and the signihcance of biological radiations in 
biology, medicine and agriculture. 

Although the author is definitely putting forward the cose for the existence 
of mitogenetic radiation he states the case very fairly and does not attempt 
to hide the fact that many workers have failed to obtain the mitogenetic 
effect, and that, indeed, even the most ardent supporters have sometimes 
exx>erienced failure in this respect. It is obvious, as the author realises, that 
in such cases there must be some unknown condition in the experiments. 

The book can be recommended to those who want to have a clear account 
of the evidence for the existence and nature of these alleged invisible radia¬ 
tions from living cells. ^ g 

An Experimental Study of the Problem of Mitogenetic Radiation. 

By Axexanbbb Hollabndkr and Walter D. Claus. Bulletin of the 
National Research Council, No. 100. [Pp. 96, with 20 figures, including 
4 plates.] (Washington, D.C. : National Research Council of the 
National Academy of Sciences, 1937. $1.00.) 

This bulletin contains on account of experimental work cfiurried out with the 
greatest care, all possible precautions being taken against disturbing effects. 
The authors lay down certain requirements which they consider such work 
should fulfil. These are, that the experiments should give the possibility of 
clear-cut results, that they should be arranged so that duplicates and trip* 
licatee can be maintained, and so well controlled that repetition would 
permit an interchange of controls, that they should yield results capable of 
statistical treatment, and that they should yield the data required by 
other workers wishing to repeat the work. 

Working on these lines over a period of two years the authors were unable 
to detect any mitogenetic radiation either by the use of biological material 
as detectors, or by the sensitive physical detectors of such radiation known 
as photon counters. Having regard to their own findings and to the fact 
that the detection of mitogenetic radiation is not always repeatable, even 
by those invostigators who have adduced evidence for such radition, the 
authors oonolude that proof of the existence of mitogenetic rays does not 
rest on a scientific basis. 
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The bulletin will be read with great interest by all those interested in 
the problem of possible ultra-violet radiation by living organisms. 

W. S. 

Evolution and its Modern Critios. By A. Morley Davies, D.So. 
[Pp. xii + 277, with 30 figures, including 4 plates.] (London : Thomas 
Murby & Co., 1937. 7s. 6d, net.) 

In this delightful little book Dr. Davies accepts the objections to Evolution 
enunciated by several modern writers as having been put forward quite 
seriously and thereupon proceeds to discuss them in a sympathetic but 
judicial spirit. To some this may seem a waste of time ; but one of the 
strange developments of recent years has been the rapid increase in that 
section of the general public that owns allegiance to the creational view of 
the origin of living things. This body of people will only bo strengthened in 
their conviction if such objections to the doctrine of evolution be allowed 
to go unchallenged. 

The serious student will nevertheless find here something more than the 
mere refutation of an already discredited position ; for the author by a skilful 
historic treatment, in which he makes free use of fresh quotations, traces the 
development of evolutionary ideas, and thus la}^ for the student the founda¬ 
tions of a sound appreciation of the problems as they present ihomsolvee to 
the modem worker. 

Naturally, in view of the author’s special studies, the evidence is drawn 
mainly from palflcontologioal sources. This is cm excellent fault in these 
days when there are so many who seem to think that evolutionary problems 
can be solved only by experimental methods. Nevertheless, the author has 
not confined his attention exclusively to fossils, but has made some very 
illuminating excnirsions into the realm of experimental biology. His illus¬ 
trative examples, like his quotations, are off the beaten track and are 
correspondingly more valuable. 

The book is of handy size, with numerous well-drawn illustrations. The 
text is subdivided in a way that loads the eye at once to the themes that are 
being discussed. Whilst every student of biology and geology should possess 
a copy of this book, it is worthy of perusal by any person well educated 
enough to be interested in evolutionary problems. The latter will find his 
path made easy by a useful glossary of terms at the end of the book. 

H. H. S. 

Laboratory Studies in Comparativs Anatomy. By W. C. Ssnkino, 
Ph.D. McGraw-Hill Publications in the Zoological Sciences. [Pp. 
X -f 188, with 15 figures.] (New York and London: McGraw-Hill 
PubMiing Co,, Ltd., 1937. 10s. 6d. net.) 

This is a practical handbook designed for the guidance of students of verte¬ 
brate ecology in their laboratory work. The arrangement and plan of the 
series of studies bear the staixq> of an experienced teacher who not only 
knows the art and value of stimulating his students to independent observa- 
rion, but beUeves, and we fully agree with him, that more valuable training 
is to be gained by careful work upon a few, rather than superficial work upon 
a large number of animals.’* For this reason, directions are given for the 
Stu<fy of the form and structure of only three t 3 rpe 8 , the Shark, Neoturus 
•nd the Oat. The presentation of this study, however, is so arranged that 
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in his disseotions the student is simultaneously confronted with the s a me 
system of each For example, the skull of the fish, the amphibiaa and 

the mammal are examined seriatim, and their similarities and contrasts noted* 
Thus the student quickly grasps the significance and importance of phylogeny. 

Throughout the studies the bearing of embryology upon dednitive 
struotiu*e is frequently emphasised, and short accounts of development are 
given in their appropriate setting. To quote the author^ “ The parts of the 
brain and their arrangement are better understood when viewtHl from the 
standpoint of development.” The wisdom of these words is characteristic 
of the plan of the whole book. 

A colk^tion of outline drawings is bound in a separate cover as a com¬ 
panion to the dis8<5cting manual, and this is a very valuable part of the work. 
The author, like other teachers of experience, is convinced of the value of 
the student making his own drawings as records of his own dissections. The 
outlines, however, save the student's time, and he is expected, by his own 
observation and industry, to fill in the necessary detail. The series of drawings 
is by no means exiiaustive, but serves to introduce both teacher and pupil 
to a method which can be extended as required. 

It is regrettable that, in a book of such excellence, we encounter so much 
spelling and terminology which is not in harmony with that used in this 
country. Examples of this are found in the following : ** pedicel,” ” sclere- 
tome,” ” octal,” ” ontol,” ” mezal.” This cannot but lead to confusion in 
the mind of the student who is alroa<ly becoming familiar with other terms 
expressing the same ideas. This difficulty could be overcome by an English 
edition, or, bettor still, we may hope that a second edition, when it is called 
for, will find biologists in both English-speaking countries confonning to 
type in their terminology as well as in their anatomy. 

In spite of this minor defect, we believe Dr. Senning's manual will find a 
warm welcome in this country. j 

MEDICINE 

Medico-Legal Aspects of the Rtixton Case. By John OukisTKB, 
M.D., D.Sc., and James Coufek Brash, M.A., M.D., F.R.C.S., Ed. 
[Pp. xvi -f- 284, with 172 figures.] (Edinburgh : E. & S. Livingstone, 
1937. 21s. net.) 

The Medico > Legal Aspect of the Ruxion Case—as presented by Prof. Glaister 
and Dr. James Couper Brash—is probably without parallel in criminal records. 
Tills publication has been undertaken in response to numerous requests from 
members of medical and legal professions and from officers of police forces 
at home and abroad. The enquiry commenced with the discovery of humaa 
remains in a ravine below the Gardenholme Bridge on the Mofiat-Edinburgh 
road. The collection of numerous remains, some wrapped in newspaper, the 
date of which offered useful clues, and infected with maggots, were soon 
fotmd to belong to at least two bodies. It was thought advisable to remove 
them to Edinbuigh University, where the identifying of the bodies waM 
carried out. 

The mutilation was very comprehensive and had evidently been performed 
by someone with a knowle^ of anatomy, and moreover its purposive nature 
aiuggested medical as well as anatomical knowledge. The ears and nose« 
eyelids and eyes, lips and also teeth had been removed from the heads during 
life. The mamse and fiesh from abdomen No. 2 and external genital organa 
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had bean removed, but it wae found impomible to be eertain that the uteruB 
and appenda^ belonged to body No. 2. The tnmk of body No. 1 was 
not recovered. Body No. 2 was shown to be that of a female, who was not 
pregnant, but had borne children. Mutilation of body No. 2 might liave been 
prompted by the ideo of preventing identification from finger-prints. The 
fingers of body No. 1 were intact—t due to lack of time. Mutilation of 
body No. 1 vraa not so extensive os that of body No. 2. The mutilation of 
the left foot of body No. 2 was purposive, though it only served to call atten¬ 
tion to the fact that the foot had some peculiarity wliioh it was desired to 
conceal. Indeed, the thoroughness of the removal of identifying features 
was of considerable importance in assisting identification. 

All the amputations had been performed with a knife, and removed parts 
included not only features that would have helped identification, but also 
that which might have disclosed marks of violence or signs of the cause of 
death. 

The maggots were larvie of OaUiphora erythrocephala, which need ton to 
twelve days to hatch out. This was compatible with the remains having 
been deposited in the ravine about 12 to 20 days before their examination 
on October 1, and fitted the hypothesis that the parts of the bodies had 
probably been placed in the ravine dtiring the early hours of the morning of 
September 16. 

Lastly, there was found another most remarkable specimen of a '' cyolops 
eye ” belonging to some animal monster, but its origin and real nature wore 
never properly worked through and did not appear to have much bearing 
on the case. 

It may be mentioned that blood testing by blood groups was not under¬ 
taken, though this conoeivably might have separated Dr. Ruxton^s blood 
from that of the two women and from themselves ; but the blood was so widely 
and irregularly distributed it would seem imlikely that any oleor-out, useful 
answer would have been obtainable. Apart from this the incriminating 
evidenoe was now overwhelming. 

The summing up took four hours forty minutes. The Judge stressed the 
blood-stains on the carpet and especially the stair pads and the condition of the 
bathroom. He attached no significant relation of the bloodstains to Mrs. 
Ruxton’s miscarriage in 1932. The suggestion by Dr. Ruxton to the oliar- 
woman that he would strip the wallpaper from the top staircase himself in 
his spare time was remarkable for a man with a out hand. But it was strange 
that a man with an injured hand had taken to getting up a carpet on a 
Sunday morning. That the injury to the hand was said to be done with a 
tin-opener which he had thrown away seemed a very unlikely sUwry. He 
expressed his opinion of the care and skill and absence of prejudice which 
had been observed, espeoially in the fitting of the fragments and reconstruc¬ 
tion of the bodies. P. J. 

Ptrapaotivaa in Bloohemiatrj. Thirty-one Essaya presented to Sir 
Frederick Oowland Hopkins by Past and Present Members of his 
Laboratory. Edited by J. NsaDHAM and D. E. G&ebk. [Pp. x -f 361, 
with 6 plates and other figures.] (Cambridge: at the Univeieity 
Press, 1937. 15s. net.) 

Thib conventional Festschrift, composed as it so often is of ad hoe contri¬ 
butions of relatively trivial nature, tends to be a nuisance to editors of 
scientific journals and a weariness to the general reader. 
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Drs. Needham and Ghreen have conceived a much better idea and one 
more worthy of the genius of the man whom they desire to honour, namely 
the collection from his past and present pupils of short essay reviews of 
subjects in which these individual workers are interested. The result of 
the editors* labours is the volume under review, which contains thirty-one 
contributions from past and present members of the laboratory of Sir 
Frederick Qowland Hopkins. 

The plan adopted by the editors not only has the great advantage of 
excluding routine descriptions of experimental investigations which are out 
of place in a volume of this kind; it also makes it possible to allow con¬ 
tributors much greater latitude in speculation than is permissible in the 
modern scientific journals. Both these advantages have been fully exploited 
and with few exceptions the essa 3 rs are cliaracterised by a liveliness and an 
individuality of view which make stimulating and attractive reading. 

It is a fitting tribute to the life work of the greatest of the British bio¬ 
chemists that this volume of contributions from his past and present 
co-workers should cover so wide a variety of subjects. In a review of this 
length mention of individual articles is precluded, but it should l>e pointed 
out that the group of essays dealing with the dynamic aspects of biochemistry, 
which have always been Sir Frederick Hopkins’ own main interest, consti¬ 
tutes an excellent and complete review of the present position ; nor are the 
incursions of biochemistry into other biological sciences and into medicine 
neglected. 

The editors have earned a debt of gratitude from all biochemists in having 
produced a volume of permanent value and interest, which is at the same 
time a refiection of the inspiration of a stimulating mind and a tribute of 
affection to the universally esteemed leader of their science. 

C. R. Haeinoton. 

Heading, Writing and Speech Problems in Children. BySAMUSL 
Torbey Orton, M.D. Thomas W. Salmon Memorial Lectures, Vol. 
III. [Pp. 216, with 24 figures.] (London ; Chapman & Hedl, Ltd., 
1937. lOtf. 6d. net.) 

WmiiE Professor of Neurology and Neuropathology at Columbia University, 
Dr. Orton devoted special attention to the study of language disorders, 
particularly in oliildren. His work originated in the problems onooimtered 
among schoolchildren by a “ mobile mental hygiene imit ’* organised tmder 
his direction by the Iowa State Psychopathic Hospital. Later it was con¬ 
tinued as a research with aid from the Rockefeller Foundation at the Neuro¬ 
logical Institute of New York. The disorders with which he is chiefly con¬ 
cerned in this volume include stuttering and other defects of speech, disabilities 
in reading and writing, delayed development of speech, left-handedness and 
abnormal clumsiness in movement, and more specialised disabilities analogous 
to the various forms of aphasia fo\md among adults. Dr. Orton starts from the 
general position accepted by medical writers on these subjects. He does not 
entirely ignore the importance of emotional factors ; but at the same time 
he seeks the main causes of these disabilities rather in physical or anatomical 
defects than in disturbances of mental function. He regards ** language 
losses in the adult ” as ** the key to developmental disorders in ohildieiL** 
He finds that many of the symptoms found among children closely resemble 
those found among adult patients suffering from aphasia for which there is 
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preeomably a specific phyaioi^ cause, and so deecribes the disorders almost 
exoltisively in physiological terms. Consequently, with many other medical 
writers, he lays much stress upon the right-handed training of the left-handed 
child as a cause of serious disorders in speech. 

Among psychologists the general tendency is to consider the chief causes 
of language disorders in children as functional rather than organic ; that is 
to say, the emotional and intellectual disturbances that accompany them 
are regarded, not as the mere effects, but as the main causes of the symptoms 
found. The attempt to trace these symptoms to anatomical defects in the 
brain is still very speculative. Too little is as yet known about the relation 
between mental processes and cerebral processes for such suggestions to be 
anything more than tentative hypotheses. 

Nevertheless, it is very valuable to have this point of view systematic¬ 
ally worked out and stated. Even if it is not accepted, it is nevertheless 
a theory with which every teacher and school medical officer should be 
familiar. Dr. Orton’s presentation is extremely clear and lucid. The 
tliscuHsion is aided by many illustrations, not only of brain structure and 
brain ks^alisation, but also of j^eculiarities of handwriting and the like. 
There is a glossary of technical terms to assist the reader untrained in physio¬ 
logy and unfamiliar with the numerous technical terms which medical writers 
have devised t*o label disabihties in speech, reading, writing, and the like. 

C. B. 

Bacteriology : A Text-Book of Micro-orgeuxiams. By Fred 
Wilbur Tanner. Third edition. [Pp. xiv -f 510, with 161 figures 
and 1 folding chart.] (New York : Jolm Wiley Sc Sons, Inc. ; London : 
Chapman Sc Hall, Ltd., 1937. 17 j?. 6 d. net.) 

The beginner in microbiology will find tliis a remarkably helpful volume. 
Professor Tanner has the gift of making microbiology interesting. This 
book is a product of a philosophical mind and is very readable. It discusses 
almost every aspect of microbes considered as living organisms. Technique 
has no place except for a remark (in the preface) on the importance of observa¬ 
tions mode in the laboratory. Tlie exclusion of references to technique seems 
to be too complete : a brief account of the Gram stain would make the classi- 
ficatory descriptions more intelligible. The index refers only incidentally 
to gelatine, and not at all to agar or staining. Apart from these little matters, 
the book is admirable. Its comprehensiveness extends to moulds, yeast, 
and fwrotozoa, os well as bacteria. The sections on what might be called every¬ 
day or household bacteriology—foods, water, disease—are written with a 
refreshing common sense which deserves a wide diffusion. Writers like 
Prof. Toimer are rare, and it is to be hoped that the author’s more detailed 
book on the bacteriology of food will also appear very soon in a new edition. 

H. N. 

An Introduction to Abnormal Psychology. By V. E. Fisher. 
Second edition. [Pp. xii -f 688.] (Now York and London ; Mac¬ 
millan Sc Co., Ltd., 1937, 12s. net.) 

This is something more than merely a revision of Dr. Fisher's work on 
Abnormal Psychology which was published over eight years ago. No less 
than seven entirely new chapters have been added to the original text, while 
three have been altogether omitted. Besides this, the illustrative case 
historieB have been greatly increased in number, and experimental studies 
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have been introduced. What k perhaps moat noteworthy i» the Author^ 
approach to the subject of abnormality which, as he tells us in the preface 
to this revised edition, has been materially altered and extended. It k 
guided by two leading principles ; first, that mental abnormality is to be 
regarded as a purely relative matter and should be studied in relation to the 
more normal phenomena from which it is distinguished ; second, that 
abnormalities are best understood tind treated when they are looked upon 
as disorders of the individual rather than as disorders of this or that particular 
mental process or reaction. The book, accordingly, follows the plan of 
dealing with the “ normal ” personality, its variants, and their measurements, 
in the first place ; and then proceeds to the psychotaxes and parataxes, or 
modes of reaction to difficulties (“ always something which tends to block 
a motive ”). Tliese arc treated under the heads of Common Modes of 
Keaction, Psychoneurosos, Borderline Conditions, Functional Psychoses, 
and Organic Psychoses. Chapters on Sleeping, Dreaming, Hy]>notism and 
Suggestion, Feeblemindedness, and Mental Hygiene follow. There is an 
excellent glossary and a good index. The book is writt<m primarily for 
students attending a first course in abnormal psychology, and presupposes 
no more psychological knowledge than would have been gained in a pre¬ 
liminary general course. But it is written so clearly and readably that even 
those who have had no general grounding in the subject should be able to 
understand it and profit by its perusal. It can certainly bo recommended 
as an admirable first text on the subject. F. A. 

BIOGRAPHY AND HISTORY OF SCIENCB 

Professor David: The Life of Sir Edgeworth David, 

C.M.G., F.R.S. By M. E. David. [Pp. 320, with 8 plates and 
1 map.] (London : Edward Arnold A Co., 1937. 12s. Od, net.) 

In Australia Prof. David’s name is a name to conjure with and it is well to 
have his life written by one who knew him intimately and who has evidently 
inherited the sense of humour which was a part of David’s charm. The 
reviewer knew him well : lived “ in his pocket ” through a year of Antarctic 
adventure and, again, at Sydney while working up the geological results of 
the Shackleton Expedition. 

He was in a class by himself, whether regarded as professor, colleague 
or citizen, and men of all ranks in Australia are proud to have counted him 
among their friends. He lived a very full life. Migrating to Australia as a 
geological surveyor at the age of twenty-four, he was instrumental in locating 
and surveying one of her great sources of industrial wealth, the magnificent 
coal seams of New South Wales. He succeeded to the professorship of 
Geology at the University of Sydney and built up a truly national school 
with an international reputation. David’s geologists and engineers have 
worked in most countiies where there are mines, and if there is one thing 
about which they can bo persuaded to agree it is in their pride in the foot 
that they are David’s men. 

He was equally at home boring for coal in Australia, through coral in the 
South Seas, or in ice in Antarctica, and made notable contributions to soidooe 
in all three places. At the age of fifty he took French leave from his Univer¬ 
sity and added 1()0 per cent, to the scientific value of Shackleton’s first 
expedition to the South. That was to be expected, but even his admirers 
were surprised when the old man (old as sledge-travellers go) set up a new 
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feoord for at that age and led his party successfully to the 

South Magnetio Pole. At sixty we see him in France with an Australian 
Tunnelling Company, some years later in central Australia with camels and 
another geologist even older than himself. And through the whole adventure 
run the triple threads of humour, courtesy and friendship which made the 
“ Professor ** unique among his fellows; in the opinion of the generations 
of his students and the legion of his friends, the greatest Australian who 
ever lived. Although British bom, it is as an Australian that ho thought 
of himself, and as an Australian that he would like to bo remembered. 

His biographer has told the story well, the better because she has had 
the wisdom to let the Professor s{>eak for himself whenever possible. The 
story deserves to be widely read. If it could be given to every 
Australian lad when lie reached the age of sixteen Australia's future 
pros|ject8 would be better than they are, Ever}^ Australian should possess 
it if only so that he may have at hand a witness of how fifty years of the 
Australian environment can bring out the best in a strong, kindly and good 
man. Every Welshman will read it with pride becaum^ it shows what a fine 
foundation the Celtic temperament and a Welsh upbringing provide as a 
base for building upon in a rather harsh new world. To the rest of the world 
one can commend the book as a fine example of a record of human gontloness, 
unselfishness and greatness combined, which is well calculated to renew 
a faith in human nature which is more than ever needed to-day in a world 
which to most of us, in our saner moments, must apiiear to be pretty evenly 
divided between “ sheep " and “ goats in the uncomplimentary sense of 
both tenns. David proved once and for all that he was not a “ sheep when 
he risked his job to follow the gleam in Antarctica. His lack of malice and 
his thought for others definitely remove him from the “ goat " class. 

R. E. F. 


BacoUaotions of My Lila. By Santiago Ram6h y Cajal. Translated 
by £. Horne Craioie. Memoirs of the American Philosophical 
Society, Vol. VIII, Parts I and II, [Pp, xii 4- 688, with 81 figures, 
including 21 plates.] (Philadelphia: The American Philosophical 
Society ; London : Humphrey Milford, 1937. 22s. 6d. net.) 

Ram6n y Cajal died October 17, 1934, aged 82 years. He was in many 
ways a most remarkable man, if not a genius, combining the Mthotio tempera- 
meat and enthusiasm of an artist with the persistent urge of scientific curiosity 
and an inexhaustible capacity for work ; a long list of 288 of his published 
books and papers is appended to this memoir. 

Owing chiefly to the extraordinary egotism of the autobiographer, perhaps 
also to his advanced age and his lack of literary style, which is extremely 
naive and childish, these two volumes of over 600 pages are disappointing 
and luisatisfactory. The section dealing with neurological questions will 
not be understandable to general readers; neurologists and histologists 
will prefer to ocmsult the original papers; the personal triviaUties which 
comprise the whole of the first volume will only be tedious to neurologists 
and not very interesting to the general reader; it is oonoeivable that the 
ongmal memoirs may appeal to Spanish readers and especially thoee portions 
dealing with the auth^’s students and contemporaries. 

The American Philosophical Society has performed a kindly duty by 
publishing the memoirs of this great man. The translator probably had no 
easy task and had limited powers as an editor. P. J. 
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A Short Bistory of Chemistry. By J. K. Pabtinc»tok, 

D.Sc. [Fp. xiii + 386, with 119 figurea.] (London: MaomiUsn 4s 
Co., Ltd., 1937. 7a. 6d.) 

Eicpbribkce t-eachee that one does not merely buy or possess a book by 
Prof. Partington ; one reads it, and having reewi it one is conscious of having 
sat at the feet of Authority, whether the subject be pure, applied or historical 
chemistry. Although this book is said to be “ suited to the requirements of 
students preparing for degree examinations,” as indeed is admirably the case, 
it is one which many whose studies are wholly unconnected with universities 
or degrees, and not oven mainly oonoemod with chemistry, will read with 
both pleasure and profit. It cannot be an cosy task to write a satisfactory 
history of chemistry ; matter there is in plenty if one is content to copy or 
paraphrase the work of others and to accept without enquiry the truth of 
a statement that has been repeatedly published. Tliis, however, is not the 
author’s way ; he has drawn freely, indeed ” the greater part of the material,” 
from original sources, and has constantly striven to be ” objective, impartial, 
and free from conventional platitudes.” Moreover, his interest in the 
personal characters of the actors on the chemical stage has enabled him, 
without overshadowing the scientific aspect of their lives, to present his 
subject in a manner which makes us seem ourselves to share in its development. 

Following a review of early chemistry, including alchemy and the appli¬ 
cation of chemistry to medicine, on account is given of investigations into 
combustion, and of the development of the atomic and dualistic theories. 
The progress of organic chemistry is discussed, duo regard being had to the 
type theories, the theory of valency, and stereochemistry, whilst the later 
chapters are devoted to the history of physical chemistry, the periodic law, 
and the structiue of the atom. 

A. A, E. 


MISCELLANEOUS 

A Tribe in Transition : A Study in Culture Pattern. By D. N. 
Majxjmdab, M.A., Ph.D. [Pp. xx -f 216, with 5 plates.] (India, 
London, New York, Toronto : Longmans, Green & Co., 1937. 10s. 6d. 

net.) 

The rapid advance of modem civilisation has had and is still having a pro- 
foimdly modifying effect on the culture of primitive peoples. Culture contact 
has, of course, been going on for untold generations, but modem mass pro¬ 
duction, with its attempt at a uniform pattern, is producing problems different 
in many ways from what has occurred in the past. A natural concomitant 
of this has been an increasing desire to study peoples, both primitive and 
more advanced, and to attempt to give a picture of their present state. In 
the present case we have on interesting example of collaboration between 
the descriptive ethnologist and educated members of the tribe. Such a 
collaboration is naturally more fruitful of accurate results than a mere study 
by a member of the higher culture of people who are remotely separated from 
him. The book is essentially descriptive in its aim and, though the material 
culture is briefly described, the greater part is devoted to the social organis¬ 
ation and to religious beliefs. The evidence has been careffilly weighed and 
it should prove a useful record of the present state of an interesting people* 

L. H. D. B. 
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Human Affairs : An Exposition of what Science can do lor Man. 

Planned and edited by R. B. Cattbix, M.A., B.Sc., Ph.D., J. Cohen» 
M.A., R. M. W, Travktis, B.Sc. [I^. xii -f- 360, with 16 plates.] 
(London : Macmillan & Co., Ltd., 1937. 10^. 6d. net.) 

This collection of essays on the relation of science and philosophy to sociology 
and psychology makes a most interesting, thought-provoking and important 
book. Unfortunately several of the contributors, especially those concerned 
with the mon3 psychological and sociological aspects, are not gifted with 
til© art of clear exposition, and like most thinkers in these newer branches 
seem unable to express their views and arguments without n^ourse to slogans 
and paradoxes, hiding their moaning to the lay reader in the obscurity of a 
jargon of words. On the other hand, the editors, in their selection of authors 
and in their excellent editorial, have done well. The essays by Prof. 
Havelock-Ellis, Prof. Haldane, Prof. Katz, and eHj)ecialIy that by Prof. 
MoDougall, ore very clearly expressed and merit careful perusal. The inclu¬ 
sion of portraits of the authors is probably a mistake ; few things date so 
rapidly oh photographs. 

P. J. 

Science and Commem Sense : An Aristotelian Excursion. By W. R. 
Thompson, F.R.S. With a preface by Jaoqubs Maritain. [Pp. viii 
-f 234.] (London, New York, Toronto : Longmans, Green & Co., 
1937. Is, 6d, not.) 

This is a most unusual and stimulating book. It contains in surprisingly 
short conifiass a mature and penetrating criticism of certain aspects of 
modern scientific thought, written from the point of view of Aristotelian 
Thomism, for Dr. Thompson, besides being a distinguished entomologist, is 
a keen and learned student of that great system of mediseval philosophy, 
of which the tradition is worthily maintained in these days by Maritain 
and others. To most of ua, brought up in complete ignorance of ancient 
methods of thought, it will come as a surprise to find how vigorous and 
powerful the reasoning of Aristotle and Aquinas was, and how helpful it is 
even now, especially in the biological sciences. 

Dr. Thompson's book is so full of meat that it is impossible in a short 
review to do justice to it. Essentially it is a reasoned protest against the 
tendency observable in modem scientific thought to disregard logic and 
observation and substitute mathematical fantasies for reality. “ The funda¬ 
mental truthfulness of the images presented by the senses ; the validity of 
the ideas the intelligence extracts the objects of the senses ; the basic 
reliability of the normal process of the mind—of the rational discourse—as 
an avenue to an intelligible synthesis of natural phenomena : these are the 
assumptions upon which soienoe reposes. Discard any one of them and it 
is inconceivable that by any artifice we can discover the truth about Nature. 
Common Sense, reduced to these primary elements, must therefore bo in 
fundamental accord with Science; and if in some of their recent fiighta, 
men of science have thought to give practical proof of the liberation of 
Sconce from the bonds of Common Sense, it is evident that they ore enter- 
l^fthdng an illusion ** (p. 26). Dr. Thompson hunts down this illusion in the 
fields of mathematical physios and mathematical biology. He points out 
that the concepts embodied in the theory of relativity are not only contrary 
to common sense but fundamentally unreasonable. In biology, mathematical 



SCIENCE PR0GBES8 


194 

reasoning on ultra-BimpMed analogies tells us nothing about what actually 
happens in Nature ; only observation and experiment can reveal this. These 
are the main themes of the long and important chapter on “ The Use and 
Abuse of Mathematics,” which is followed by eoi equally profound one on 
” The Use and Abuse of Philosophy.” In this. Dr. Thompson treats of the 
whole field of the science and philosophy of living organisms from an 
Aristotelian standpoint. Particularly interesting to the zoologist are his 
criticism of the Darwinian theory as essentially philosophical and deductive, 
his treatment of the problem of vitalism, on which he holds soimd Aristo¬ 
telian views, and his discussion of instinct. The final chapter, on evolution, 
emphasises the need for a thorough methodological study of the whole 
problem. 

But this is not a book that can be adequately summarised ; it is 
emphatically a book to be rood and studied—especially if you disagree with 
the views therein expressed. 

E. 8. Russkll. 

Psychology : The Changing Outlook. By Francis Aveung, M.C., 
D.Lit., D.Sc., Ph.D. Changing World Library, No. 8. [Pp. viii 4* 
152.] (London : C. A. Watts A Co., Ltd., 1937. 28* 6d. net.) 

General Psychology. By W. J. H. Sprott, M.A. [Pp. x + 446, with 
6 figures.] (London, New York, Toronto : Longmans, Green & Co., 
1937. Is. 6d.) 

We have heard for so long that the science of psychology is in it« infancy 
that it is a pleasure to welcome two books both of which indicate that the 
young science is growing up. In point of fact it may fairly be claimed that 
the infancy of psychology ended with the nineteenth century. The move¬ 
ments of the last thirty or forty years liave been characterised by the traits 
of adolescence. But in these two works—Uiough very different in other 
ways—we see psychology in transition to maturity. It has left behind 
adolescent dogmatisms, adolescent revolts, and the adolescent desire to 
prove its forbears always wrong. Both authors practise a discriminating 
eclecticism, and are willing to find useful contributions to their science in the 
older psychologies and in all the more prominent of the contemporary schools. 

Dr. Aveling, after a rapid survey of the history of psychology from Aris¬ 
totle to Wundt, peisses in review the chief of the contemporary schools of 
thought—Spearman’s na'genetio system, the psychoanalytic doctrines, the 
Gestalt, Hormic and Behaviouri^io expositions, and concludes this, the chief, 
section of the book witli a balanced and judicial discussion of the main lines 
of cleavage and agreement. The theoretical review is followed by a brief 
conspectus of the educational, industrial, medical and criminological appli¬ 
cation of the science. The book en<ls with six pages of cautious prophecy. 
The direction in which the author anticipates a more complete and coherent 
synthesis to bo attained is that of Gestalt psychology ; but recognition is 
accorded to other trends in the suggestion that the nuclear point around 
which the new synthesis may be expected to crystallise will bo provided in 
further research into the problem of the will. 

Mr. Sprott has probably pocked into his 446 pp. as much information as 
has ever before been compressed into a volume of similar size and general 
character. What is this book ? cm introduction for the general reader, a 
student’s text-book, or a pocket encyclopesdia ? The author very nearly 
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falls between the three etoola, but the felicity of his style and his skill in 
arranging his material enables him to retain his balance to the end. Accord* 
ingly the work may be fairly recommended for the triple ptirpose. 

Whilst the general lines of exposition are similar to those of other modem 
text-books, space is found for much that these other books exclude. Mr. 
Sprott is interested in the problems of philosophical psychology, in psychical 
research and in some of the psychological doctiines of Oriental thought. 
What ho has to say on these matters is always to the point, and one could 
have wished that he hewi allowed himself more elbow-room for their discussion. 

The author is representative of the main body of teachers of psychology 
in being netxtral and eclectic in relation to the various schools. It is a great 
merit in the work that an attempt has been mode to concentrate “ on that 
which all schools must necessarily have in common: the problems which 
they have to solve.” For this reason the work may safely be commended 
to the student and to the general reader who wishes to begin his studies 
by a rapid and comprehensive stirvey of the whole of the contemporary 
psychological scene. CAM 

Markets and Man : A Study of Artificial Control Schemes in some 
Primary Industries. By J. W. F. Rowe, M.A, [Pp. x 4- 259, 
with 8 plates and 3 maps.] (Cambridge : at the University Press, 
1936. 6d. net.) 

The author preetmts in the present book a very rea<lable account of the 
origins of some of the important raw materials. Ho deals with Coffee, Wheat, 
Sugar, Cotton, Rubber and Tin. His descriptions of the goographioal distri¬ 
bution of these primary products and of the economics ” of thoir production 
are necessary to the main pinposo of the book, which is to describe in consider¬ 
able detail the methods of control of these goods into the^ world’s markets. 
Mr, Rowe is very well equipiKnl for this sort of task, as he has studied on the 
spot the problems of production of some of these raw materials in what may 
be described as a world tour. Consequently one feels, when reading the 
book, that one is reading about things of which the author has a masterly 
knowledge. In addition, of course, Mr. Rowe is a practical economist, and 
ho is able to place the special problems of these industries in their proper 
position in the general world economic situation. 

Tlie author traces the general movement towards control back to pre-war 
days, allows for the influence of the upheaval due to the war and especially 
for the difhcultios due to the lack of shipping during and after the war, and 
proceeds to describe in detail for each industry its special methods of tackling 
the problem of control. 

As a result of his analysis of the progress of the various schemes which 
have been adopted, be attempts to draw some general oonolusions. He 
considers that restriction of output ” is economically unsound as a means of 
meeting a permanent decline in the demand for the product of a particular 
industry during times of general prosperity.” On the other hand, during 
periods of depression restriction may be reasonable for a short period imtil 
recovery is in sight. His other conclusions as to the value of the various 
sohemes are interesting. 

It is true, that one may say that it is easy to be wise after the event. 
But, it is not everyone who is able to use his wisdom to draw the proper 
conclusions from the event. The business man critic of the economist may 
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think that the latter'a task appears easy when he reads this book, and he 
is strongly recommended to do so, because the author has the faculty of 
making the various problems appear to be facile. But, it is not given to 
everyone to sift the facts of a case and recognise the little granules of truth 

E, C. Rhoms. 

Btuimess Statistics. By G. R. Davies and Dale Yodek. [Pp. viii 4* 

548, with 79 figures.] (New York : John Wiley & Sons, Inc. ; London ; 

Chapman & Hall, Ltd,, 1937. 17«. 6d. net.) 

An important post-war devolopinont is the establishment in large business 
houses of new departments variously described as “ intelligence,*’ “ economic ” 
or “ statistics.” These departments keep the executive in touch with the 
outside world by means of surveys, charts and tables of current economic 
statistics, and analyse data derived from the individual business. Outside 
specialists supply clients with information of value from the point of view 
of soiling the product. The Bank of England, acjting in co-operation with 
retailers, publish important tables relating to the value of retail sales month 
by month. 

Such developments as these are of recent origin in England, but in America 
they are commonplace, and American Universities have had their Schools of 
Commerce and Departments of Business Administration for some time. 
The present book was written by the Proffmor of Business Statistics in the 
University of Iowa and the Professor of Economics and Business Admin¬ 
istration in the Univeraity of Minnesota. 

The book describes the statistical technique of averaging, measuring 
variation within a group, measuring trends of time series, calculating seasonal 
movements, computing index numbers. In addition, correlation is dealt 
with at great length, and there is a chapter on reliability and significance. 
The book is intended for students pursuing a course of study in a University 
institution, and is very well illustrated throughout with examples derived 
mainly from economic and business data. In addition, each chapter contains 
exercises for private study. These illustrative examples are very useful, 
because by the time the student has road through the book and has diligently 
worked out the examples, he will not only know something about elementary 
istatietical methods, but he will also know something about the land of 
practical statistical problem which he is likely to encounter in any business. 
The book is excellent from that point of view. The mathematical part has 
been reduced to a minimum. 

I was rather surprised to find so little description in the book of the 
methods of computing the index numbers most used in the United States. 
I think that anyone who has been through a course such as is indicated in 
the book would probably be using daily the current indices of prices, pro¬ 
duction, etc., and he ought to be aware of the detailed making up of such 
indices. But, perhaps, the authors expect the student to do his own reading 
on these lines from the excellent bibliographies provided throughout the 
book. 

A word of compliment must be said on account of the splendid printing, 
the type is easy, the tables are easy and the graphs are easy to read. But 
we should expect this from Professors of Business Statistics and Admin¬ 
istration. The student who expects to go into business in an intelligence 
department has to realise that he lias to ** sell a graph or a table of figures 
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to an executive officer, just as a ciuming salesman sells to a customer a 
vacuum cleaner. Consequently, his statistics must be put into a palatable 
form. 

E. C. Ehodss. 

World Prices and the Building Industry. By G. F. Wabjibn, Ph.D., 
and F. A. Peabson, Ph.D. [Pp. viii -f 240, with 162 figures.] 
(New York : John Wiley & Sons, Inc. ; London: Chapman 
Hall, Ltd., 1937. 17s. 6d. net.) 

The present book, by two well-known professors at Cornell, is in two parte. 
In the first part an attempt has been made to compare prices of commodities 
in a number of different countries. Tliis is admittedly a difficult task and 
has been undertaken from time to time by others. For instance, in the 
BuUotins of the London and Cambridge Economic Service there appear, 
quarterly, comparable indices of this nature for a few countries. The authors, 
in their appendix, compare their results with those of the London and Cam¬ 
bridge Service. The main difficulty in the preparation of indices of the 
kind dealt with here is making a choice of commodity prices which are to 
enter into the computations. The authors select 40 basic commodities, 18 
foods and 22 materials. The data generally refer to each month of the 
years from 1910 to 1936 and indices were calculated for fourteen countries, 
United States, England, Franco, Spain, Canada, Netherlands, Belgium, 
Italy, Germany, Bulgaria, Australia, New Zealand, Sweden and Finland. 
In addition, a World Price Index was prepared from the data for the first 
seven of these countries. 

To some extent, of course, the indices obtained are bound to be influenced 
by the particular choice of commodities, but the broad conclusions reached 
by the authors will be the same whatever variations ore introduced by a 
slightly different choice of data. Similarly, criticisms may bo levelled at 
the authors because they have computed world indices, based on data referring 
to seven particular countries. Again, the broad conclusions reached will 
bo the same, oven if some variation were introduced into the method of 
calculation, since the commodities chosen are those which are of importance 
in the economj'^ of ell countries included. 

The indices have been computed on both ciurency and gold basis. The 
world price level (gold) declined to a minimum in 1934 and lias subsequently 
risen. The level in 1934 was 64 per cent, of pre-war. 

The divergencies between gold and currency prices for the various countries 
are displayed very effectively in graphical form. The general trends of gold 
prices in the various countries are compared. Movements of prices of 
important commodities such as cotton are traced. 

In the second part, the subject is the variations in the activity in the 
building industry over long periods of years in different countries. There 
appear to have been regular cycles in building. The analysis deals with the 
various factors which influence the construction of buildings. The whole of 
this part consists of a very interesting account of this industry over a long 
period. 

Of great interest also is the Appendix, with accovmts of the comparative 
methods of construction of various indices. 

The book is an important piece of work which does great credit to the 
energy of its distinguished authors. E. C. Rhodes, 



198 SCIENCE FB0GRES8 

Tha Criminals Wa Daaarve. By H. T. F. Rhodss. [Pp. xii 4- 257, 
with 8 plates.] (London ; Methuen A Co., Ltd., 1937. 7s. 6d. net.) 

Cbimb is one of our increasingly costly economic problems. Not only is 
crime increasing in quantity, but needs to be attacked by increasingly more 
elaborate methods. The increase in juvenile crime is especially remarkable, 
a rise of 50 per cent, between 1933 and 1936 seems almost incredible. The 
Chief Constable of Liverpool in 1936 observed 4,700 extra offences com¬ 
mitted by juveniles, or nearly 13 a day ! It has been said that the great 
mass of crime is based on poverty, and it cannot be disputed that slum life— 
overcrowding and its consequent unsocial immoral habits, to which has been 
added education, which trains these slum-dwellers to expect something better 
from the world than they are able to attain—is perhaps one of the basic origins 
of the problem. But the poor are not always criminals, crime is found to 
be equally distributed throughout the classes. In this excellent book crime 
is considered as individual crime and organised crime (a more recent and more 
dangerous form of law-breaking). In^vidual crime, generally less difficult 
to trace, may arise from hunger, covetousness, curiosity, the spirit of adventure 
—^and especially occurs in those “ twisted in the making —a psychic origin. 
Organised crime—^gangsterism—is big business undertaking, is more 
dangerous to society and costly for detection. 

The author illustrates some of the chief types of crime by short accotmts 
of well-known crimes and criminals—murder, forgery, drug traffic, incendiarism, 
white slavery, swindling tricksters, all of which make interesting reading— 
incredible for their audacity. Some of the methods employed in tracing 
these criminals are described. Dealing with treatment—punishment of 
criminals—he considers prevention is better than cure, and concludes that the 
existing social system founded on unrestricted competition and profit¬ 
making is the basis of crime and must be liquidated, and points to Soviet 
Russia 08 the first example of such a society. Our punishment no loss than 
our criminals are symptoms of decline in a system which is quickly outliving 
its usefulntws ; it creates more criminals than it cures, by confirming in 
them that anti-sociality which is an amplified function of its own defects 
and failure. We not only create but we perpetuate in our penal system 
the kind of criminal wo deserve. 

P. J. 

The Microtomist’e Vade Meciun (BoUee Lee). Edited by J. 
BBONTt Gatenbv, M.A., Ph.D., D.Phil., D.Sc., and Theofhiltjs S. 
Paintbb, A.B., A.M., Ph.D. Tenth edition. [Pp. xii -f 784, with 
frontispiece and 11 figures.] (London : J. & A. Churchill, Ltd., 1937. 
30tf. net.) 

In the tenth edition of Lee, Prof. Painter takes the place of Dr. E. V. Cowdry 
as co-editor with Prof. Gatenby. The book has, of course, been thoroughly 
revised and modernised, and while the roarrangoment lias led to the omission 
of two sections which appeared previously, it will be felt widely that their 
loss is amply compensated by the inclusion of a section on Botanical technique 
by Dr. D. G. Catcheside. This section is comprehensive, occupying some 
100 pages, and, apart from general techniques, includes sections on such 
subjects as cytological and palseobotanical methods as well as on micro- 
chemical tests. Botanists have always found Lee a valuable reference book, 
but with the inclusion of this section it should prove as indispensable to 
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botanists as to ssoologists^ and, to quote from the preface, It is certain that 
the botanist and zoologist will benefit by looldng over various chapters 
describing the techniques in the other sister science. . . Lee now becomes, 
in the widest sense, the Microtomist^s Vode Mocum. 

This edition includes new cliapters on the frozen section technique and 
also on vital staining, while Dr. Conn has revised and brought up to date 
the lato Professor Bayliss’s article on staining. 

Revision of the book has not been accomplished without the addition 
of another 74 pages above those of the ninth edition, although the inclusion 
of the section on botanical methoiis more than accounts for this increase. 
Nevertheless, it is difficult to avoid the feeling that the book is becoming 
a little unwieldy for the busy worker. It is not suggested that the work 
could bo abridged without detriment, but it may prove possible, perhaps 
in the next edition, to include brief summarios of the more useful techiliques 
in at least some of the cliapters. 

The editors point out a difference between the later editions and those 
liandled by Lee, in that Loo himself tried out e€w;h method mentioned, while 
in recent editions this has, for obvious reasons, not proved prfiujticable. 
Such a course as Lee adopted is ideal, and while the ideal may not liave been 
attained, the editors and their collaborators have carried out their task in a 
manner which lacks nothing in thorouglmess. 

F. W. J. 

Textile Design and Colour. By W. Watson, F.T.I. Fourth edition. 

[Pp. xii -f 492, with 438 figures.] (London, New York, Toronto: 

Longmans, Green & Co., 1037. 21a. net.) 

It is a strange fact that the numlier of text-books in English devoted to the 
technical processes of the textile industries is out of all proportion to the 
magnitude of those industries. The small number that are in current use 
mostly rank as classics, and in the special domain of the ornamentation of 
cloth by the art of the weaver few so well deserve this recognition as Watson’s 
Textile Design and Colour and his companion volume Advanced Textile 
Design, 

The present volume is essentially for textile men, since it presupposes 
a knowledge of the terms used to dcMscribe the parts of the loom. The 
most useful section to the general reader will probably be Appendix I, 
pp. 351-425, which in dictionary form describes the most important types 
of yams, modes of interlacing them (“ weaves ”) and fabrics. 

Chapter X deals with “ Colour Theories and Phenomena ” and reflects 
the chaotic condition of our nomenclature and treatment of this subject 
from which bodies like the Optical Society of America are gradually extricat¬ 
ing us. Bearing in mind that the book is intended for textile students, the 
reviewer thinks that this chapter should be very greatly simplffiod and 
illustrated by diagrams in colour. The present verbal treatment leaves the 
reader with such sentences as the following (from p. 13$): ** A tint is 
therefore a tone which is lighter, and a shade a tone which is darker, than 
the normal colour.” ** A ‘ mode * shade is a broken colour in which a certain 
hue predominates over a pure grey.” 

The author calls special attention in his preface to Appendix II, which 
desoribes the manufacture of rayon. This is out of place in the book. 

SoxsKOB Pboorbss, however, is not really the place to review the book, 
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for it does not claim to treat of the Science of Textile Design. Such a science 
is in its infancy but badly needs development. Fabrics are not produced 
solely for appearance sake, but an increasing volume of trade is done in cloths 
that are chosen for their mechanical properties. In this field, textile design 
pirovides some tough problems for the physicist. 

J. C. WlTH»RS. 

Zero to Eighty. By Akkad Pseudoman (aliac E. F. Korthrup). [Pp. 
xvi + 283, with 16 plates and 14 figures.] (Princeton, N.J. : Scientific 
Publishing Co., 1937. $3.60.) 

SuBKLY the most extraordinary book that ever fell to the lot of a reviewer 
for this Journal. Though in the tradition of Julos Verne an(i H. O. Wells, 
its breezy style is of the best American talking film. Let the following 
extract (p. 79) testify to the author’s judgment of what is needed in modem 
scientific fiction : “I read aloud the typed matter—a terrible message. 
‘ We hold your gal to remsom, wo want $500,000 and no chiseling. Follow 
instructions exactly. . . . Do as we tell you and no tricks mind you. If 
you pull off any tricks you will never see your gal again. We will ftn^d her 
dope and use her ob wo please.’ ” 

So much for the style. As for the matter, it is a fictitious account of 
a trip by rocket to the stratosphere (O^C. to 80° C.) and the moon in 1964, 
based on some laboratory experiments carried out by the author in which 
ho projected metal cylinders from coils along which electromagnetic phase 
waves passed. 

As such, of course, it invitees comparison with Mr. Barbicane’s famous 
experiment in 180-, but whereas Veme has a way of lulling our incredulity 
by convincing—but probably false—mathematics intnxiuced judiciously 
into the text, his disciple follows present-day procedim^ with technical 
supplements (17 of them) remging from “The Laws of Motion” to “ Tlie 
Load>ship as a Satellite to the Moon.” This is the weakneas of the book, 
for while the author can write a good thriller as long as he keeps science in 
the background, ho spoils it by his lessons and examples in fourth-form 
mathematics at the end. Wliat are we to say to an author who shows us 
(p. 244) how to calculate the height to which a projectile would rise with a 
given vortical muzzle velocity, and then naively adds that in practice (owing 
to atmospheric friction) one must divide this answer by about five T 

E. G. R. 
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REACTIONS IN THE SOLID STATE 

By W. E. GAKNEU, D.Sc., F.R.S. 

Leverhulme i^rofenwr of VhvM Cheminttry in the Unitmity of BruxM 

There are numerous reactions in inorganic chemistry which depend 
on the decomposition of solid bodies by heat. Many of the simjjle 
gases are prepared by this method ; thus carbon dioxide is prepared 
from carbonates, oxygen from potcissium |>ermanganate or potassium 
chlorate, and nitrogen from sodium azide or ammonium bichromate. 
Also, use is made of the decomposition of solids in the explosives 
industry where the main products are chemical compounds whose 
function is that of furnishing the pressures needed in blasting and 
in the propulsion of projectiles. As an example of a photochemical 
decomposition of widespread importance, we have the action of 
light on silver bromide, which is the basis of the photographic plate. 
Solid reactions are not limited, however, to chemical decompositions 
occurring with the liberation of gases, for interaction between 
chemical substances can occur in the solid state. Many catalysts 
used in chemical industry are chemical compounds manufactured 
by heating two or more solid substances together. Also, the cor¬ 
rosion of metals, which in the first place is a reaction between the 
metal and oxygen, depends on reactions occurring in the oxide 
layer. In order to understand the mechanisms of such processes, 
many researches have been carried out, with a view to discovering 
the underlying principles, and an account of some of the more 
Important of these is given in the present article. 

ClASSmOATION OF THE REACTIONS OF SOLIDS 
The classification of reactions involving solids is a matter of 
considerable difficulty and any classification made at the present 
time is bound to be provisional. For the purpose of this article, 
it is piroposed to adopt a classification suggested by Roginski, which 
didcriminates between solid reactions on the basis of the steps in 
the reaction which involve either the formation or destruction of 
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a crystalline lattice. The reason for this choice is to be found in 
the fact that the crystallographic processes which occur in solid 
reactions often determine the character of the phenomena which 
are observed, and this is especially true for endothermic processes. 
A somewhat extended and modified form of Roginski’s classification 
is given below. 

I. Reactions involving no Crystallographic Steps, —These are 
reactions which take place without change of solid phase, and are 
divisible into two types, (a) reactions in which the products form 
solid solutions with the reactants, and (6) reactions which are virtu¬ 
ally chemisorption occurring on the surfaces of the solid. The 
former includes (1) those minute changes which are brought about 
when the alkali halides are acted on by light, and (2) reactions 
whereby a gas either enters or leaves a crystalline lattice, examples 
being the dehydration of zeolites, and the reaction of oxygen with 
FcjOj or GujO. An essential characteristic of this type is a high 
mobility of some ion, atom, or molecule tlirough the lattice, and 
the presence of emj)ty spaces which they can fill ; (6) is included 
since chemisorption plays a largo part in certain reversible solid 
Inactions, such as, for example, the combination of COi with oxides. 

II. Reactions involving one Crystallisation Step, —Those in¬ 
clude the combination of gases to give solids and also the forma¬ 
tion of solids by combination of substances present in solution. 
Since in this class nuclei of a new crystalline phase must bo formed, 
there is frequently considerable supersaturation in the gaseous or 
liquid phase. 

III. Reactions involving the Destruction of a Crystalline Lattice, 
—^Examjjles are the decomposition of HgO, NH3. Nig and KNg, 
in which the solids are completely converted into volatile products. 

IV. Reactions which involve both the Creation and DeMruction 
of Lattices, —This forms a very large class and includes the following 
types : 

(а) A solid B solid + g®'S, 

examples being the decomposition of some explosives, and the 
action of light on the photographic plate. 

(б) A solid B solid + C solid, 

such as the decomposition of silver acotylide, and 

(c) A solid + B solid C solid, 
such as the formation of spinels from mixed oxides. 

In addition to this classification it is necessary to bear in mind, 
that exothermic and endothermic changes may present different 
features, especially in the classes III and IV. Roginski has laid 
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down the generalisation that, for changes where the energy liberated, 
Q + E, is small or negative, the factors controlling the fonnation 
or disappearance of the lattice will take control and the reactions 
will be limited to a regular interface between two solid phases. 
Such reactions occur in the dehydration of hydrates, where Q + E 
is negative, whereas if Q + E is large and positive, the energy 
liberated may be sufficient to enable the reaction to penetrate the 
lattice in an irregular fashion, giving rise to a highly disperse 
distribution of a second solid phase in the first. 

Also, in exothermic processes, chain reactions become j:)088ible, 
and when the chain length l)ecome 8 infinite, the reaction is propa- 
gatcKl linearly at a high speed throughout the solid. This linear 
propagation may pass into a detonation wave, where the velocity 
of propagation exceeds that of sound. 

This classification should be borne in mind, but since it is impos¬ 
sible in the short space of this article to work systematically through 
each section, only some of the more important facts and points at 
issue will be dealt with. It is clear, on glancing through the (ilassi- 
fication, that (a) the nature of the electronic, ionic, atomic or mole¬ 
cular mobility through solids, (6) the production and the growth of 
nuclei, (c) the activation energy of solid reactions, and (d) the 
conditions under which the solid reaction can i)a88 into deflagration 
or detonation, will be worth detailed attention. It is also necessary 
to remember that many of the properties of solid reactions are 
“ structure sensitive, t.c. they depend on the irregularities of the 
lattices of ‘‘real ’’ crystals. 

Diffusion in Solids 

The movement of atoms, ions, or molecules within crystals may 
occur (a) by passage of the particles along the internal surfaces of 
the crystals, e,g. along Smekal cracks, (b) by passage interstitially 
within the normal lattice and (c) as a result of the presence of vacant 
places within the lattice and the movement of adjacent particles 
into the vacant positions. There is little doubt that in “ real ** 
crystals, movement along Smekal cracks does occur, and also that 
in addition, either process (6) or (c) or both, can take place os well. 
Measurement of the electrical conductivity of salts has established 
that part of the conductivity is along the cracks, and part through 
the lattice. 

The question of diffusion is linked with that of the nature of the 
disorder that can occur in the crystalline lattice, and it is found 
that in ionic crystals the smaller ions show the greatest amount of 
disorder. In Agl, X-ray measurements have shown that the 
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anions give a perfect anion lattice, whereas the smaller cations are 
extremely disordered. In this case, the disorder is limited to one 
kind of ion, and is of the type known as Frenkel disorder. In order 
to produce a hole within the lattice, one ion moves to an interstitial 
position within the lattice, as in Fig. 1a. 

A second type of disorder (Schottky dis¬ 
order) occurs when for each lattice point 
vacated by a cation there is a correspond¬ 
ing hole vacated by an anion, the removed 
ions being used to add to the lattice on 
the external surface of the crystal (Fig. 1b). 
These types of order are regarded as being 
responsible both for ionic conductivity and 
for diffusion in “ ideal crystals. In 
general, the degree of disorder increases 
with 1;einperature, and for any given 
temperature the concentration of the holes 
possesses an equilibrium value. 

“".S;?"'' 1“ numerou, cae., oryatals can be pre- 

pared which possess an excjess or defect of 
one ion. Thus, on heating zinc oxide, oxygen evaporates, leaving 
zinc atoms in solid solution in the zinc. Cuprous oxide takes up 
oxygen which jjasses into solid solution. In such cases there must 
be cavities within the crystal due to the defect of some con¬ 
stituent, and in consequence there are considerable opportunities 
for diffusion and electrical conductivity by means of ionic move¬ 
ments. The study of the adsorption of gases on certain solids is 
made difficult by the occurrence of such movements. 

Reactions of Type /.—A few examples will be given of the 
reactions of type I which can occur in crystals as a result of move¬ 
ments of ions, (a) When a crystal of an alkali halide is heated in 
the vapour of the metal, the crystal becomes coloured to an extent 
which depends on the pressure and heat of solution of the metal, 
and on the temperature of the solid. The coloration is considered 
to be due to the presence of neutralised cations within the lattice 
and according to Hilsch and Pohl, they arise in the following maimer. 
Alkali atoms are adsorbed on the external surface of the crystal, 
and these atoms lose electrons thermally which pass into the solid 
neutralising alkali ions in their path. This diffusion of electrons 
sets up a space charge near the surface of the solid, which in turn 
causes an electrolytic movement of positive ions away from the 
surface and, or, movement of negative ions towards the surface, 
this movement serving to neutralise the space charge. When 


•+'0'l“0"h04“0 
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equilibrium has been reached, neutralised cations are present, 
uniformly distributed throughout the lattice, and these possess a 
characteristic adsorption band, usually in the visible. 

(b) Alkali halides containing alkali metal, when heated in 
hydrogen or deuterium, give rise to solid solutions of KH or KD in 
the halide by the diffusion of hydrogen or deuterium into places pre¬ 
viously occupied by the halide 
ions, the crystals becoming 
decolorised during the process. 

Such solid solutions under the 
action of X = 228 m/i at room 
temi^eratures give metal atoms 
according to the equation, 

MH + - M + H, the 

hydrogen atoms diffusing 
away. The metal atoms form 
colour centres with identical 
properties to those produced 
by the thermally diffusing 
electrons in (a). 

(c) With the following 
arrangement, Wagner has 
carried out the reaction, 2Ag + S Ag^S. 

A series of cylinders of liquid sulphur, AgjS, and Ag, are taken 
in the above order. It is found that the upper boundary of AgjS TI 
moves upward into the sulphur due to a movement of silver ions 
from the silver plate, moving through the AgjS cryst^ils. It is 
shown that this movement of silver ions is accompanied by electrons. 
The course of the reaction can be followed by weighing the cylinders, 
Ag,S increasing, and the Ag plate decreasing, in weight. Similar 
movements of ions through an oxide layer formed in the oxidation 
of metals is important in determining the velocity of corrosion. 

The Cbeation and Growth of Nuclei 

The work of Tammann has brought to light the important roles 
played by (a) the rate of formation of nuclei, and (b) the rate of 
nuclear growth in determining the velocity with which a liquid 
undergoes crystallisation. He has shown that the formation of a 
crystalline nucleus in a liquid, just below its melting point, is a 
relatively infrequent occurrence, and this is a consequence of 
the fact that small nuclei possess higher vapour pressures than 
matter in bulk, and hence when surrounded by a liquid with 
normal properties must melt at lower temperatures than the true 
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melting point. Since all nuclei must have small beginnings, there 
is but a small chance at the melting point that a nucleus will 
grow U) a size sufficient to be stable in contact with the melt. In 
fact, the formation of nuclei is possible only tecause of t he Sinoluch- 
owski fluctuations in the liquid. As the temperature is lowered, 
the probability of nuclei formation at first increases and then 
decreases, the decrease being due to a slowing down of the molecular 
movements. Similar considerations, no doubt, rule in other 
reversible phase transformations, small nuclei being unstable 
relatively to largo crystals. Thus, in the formation of calcium 
carbonate from lime and carbon dioxide at pressures far above the 
equilibrium values, small nuclei are produced which, as Zawadski 
and Broitsnajder have shown, possess dissociation pressures higher 
than the true equilibrium pressures. Consequently, small nuclei 
of calcium carbonate are unstable in the neighbourhood of the 
equilibrium pressures, and hence there is but a small probability of 
their formation under such conditions. It is frequently observed 
in solid reactions that nuclei form the more readily the further the 
system is removed from equilibrium. 

There must, however, be other reasons for the slowness of nuclei 
formation, for it is found to be slow even in cases where there is no 
reverse process to take into account, as is true for irreversible pro¬ 
cesses and for dissociation processes which are brought about in a 
hard vacuum. There is considerable evidence, which is supported on 
theoretical grounds (see the work of Volmer, Kassel and Stransky), 
that the first stage in the formation of a nucleus requires considerably 
more aestivation energy than the subsequent stages of its growth. 
Also, perfect crystals of hydrates can be maintained in a hard 
vacuum for many hours without the appearance of nuclei, which 
indicates a high activation energy for their formation on the surface 
of a perfect lattice. Nuclei are, however, very readily formed at 
places where the lattice structure has been disorganised by impurities 
or mechanical damage, i.c. at places where the activation energy for 
nuclear formation has been lowered. As a consequence of this, there 
is a greater tendency for nuclei to form on the corners and edges of 
crystals, since such places are the more easily damaged. 

The Shapes of Nuclei, —Volmer, Kassel, and Stransky have 
shown that the growth of crystals in contact with the vapour or 
solution occurs by way of two dimensional nuclei, the crystallisation 
occurring in a series of repeatable steps. A nucleus forms at some 
IK)int on a surface of the crystal, grows away from the surface up 
to a certain limiting thickness and then spreads as a thin layer over 
the whole surface. This process is repeated as long as the lattice 
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is being built up, with the result that on observing the face of a 
growing crystal under the microscope, it is seen to consist of a 
number of repeatable steeps. Zawadski and Breitsnajder regard 
this as the normal process in the decomposition and formation of 
carbonates, the nuclei being two-dimensional in character and 
spreading over the surface of a crystal block. In the decomposition 
of hydrates, however, the nuclei are not of this typo, being three- 
dimensional in most eases and whore they appear to be two-dimen¬ 
sional, lattice penetration by the nu(5loi occurs. 

The niKilei formed on the surface of hydrates are of three main 
types (see Fig. 3, which shows the shapes of nuclei associated with 
two axes of growth) : (a) the nuclei possess straight edges, and 
potassium hydrogen oxalate hemihydrate is an example of this 
tyj>e ; (b) the nuclei are cin^les or ellipses, and good examples are 
chrome alum and the haloes penetrating the crystal in the case of 



(a) 




Fig. 3.—Sha|>eB of nuclei. 


copiier sulphate pentahydrate and nickel suliihate heptahydrate ; 

(c) the nuclei possess horns indicating exce[)tional growth along 
S|)ecial crystal planes, and the majority of the nuclei on the faces 
of crystals of copper sulphate pentahydrate are of this typo. 
Photographs of some hydrate nuceli are given in Plates I and II. 
(a) is a horned nucleus formed on the 110 face of CuSOiSHfO ; the 
two axes of the nucleus lie on the surface, but in addition there is a 
halo which penetrates the crystal lattice at 56"^ to the surface, (b) 
shows a number of nuclei on the 110 face but photographed under 
such conditions that the halo is not visible, (c) are nuclei on the 
100 face with two axes nearly at right angles, and no halo is showing. 

(d) is a nucleus on the 021 face of copper sulphate, with a marked 
major axis and a solitary horn ; there is inhibition of the growth of 
one of the horns, probably due to the halo formed immediately 
beneath, which is faintly visible on the photograph, (e) is a spherical 
nucleus formed on the 111 face of chrome alum. The product on 
the edge of the nucleus is opaque but in the interior it has contracted 
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and undergone a process of crystallisation, causing a series of radial 
cracks. (/) shows nuclei on the 110 face of nickel sulphate heptahy- 
drate. The sharp edge lies in the plane of the surface and the half 
disc penetrates the surface at an angle of 45°. This is a good example 
of a two-dimensional nucleus, (g) and (h) are nuclei on the 111 face 
of common alum and are in marked contrast with those of chrome 
alum with which this substance is isomorphous. The shape of 
these nuclei depend on temperature, and approach the spherical 
shape at low temperatures. 

The factors controlling the shapes of the nuclei are only imper¬ 
fectly understood. There is evidence that the activation energy 
of growth varies with the crystal direction and this no doubt plays 
some part in determining the shajje. It is not, however, the whole 
story, for the rate of growth depends on such factors as the hindrance 
to escape of the water molecules by the product, which was named 
by Topley “impedance,” and the production of strains within the 
lattice as a result of a tendency to contraction of the nucleus. 
Since the structure of the collapsed lattice of which the product 
consists will depend to some extent on the crystal direction of the 
interface at which the reacton occurs, the rate of escape of water 
from an interface and the type of strain produced will be very 
largely unpredictable in the case of nuclei with a complex shape. 
Copper sulphate i)entahydrate has been most thoroughly studied 
and here although there is a tendency for nuclear growth to take 
place predominantly along certain crystal planes, notably the 010 
plane, numerous irregularities are observed. Thus, in the case of 
nuclei on the t, a', and t' faces, one of the horns is missing (see 
Plate I,d,) and Pike has recently shown that wide variations can 
occur in the angle between the directions of the horns, the angle 
being constant for the nuclei occurring on one part of a crystal face, 
and this changing abruptly to another value on an adjacent area, 
or on another crystal. The angle is thus a structure-sensitive 
property. 

Reproducibility, always a difficult matter in solid reactions, 
becomes very difficult to attain in the case of the homed nuclei, 
and this is most probably due to the irregularity of the strains 
set up. With nuclei of types (o) and (6), Pig. 3, the difficulties 
in the way of accmate measurements are not so great and activation 
energies can be determnied with fair accuracy. 

In exothermic changes, there have been but few accurate meas¬ 
urements on nuclei. In fact, in many such processes, no nuclei 
can be observed under a microscope at any stage of the growth. 
On heating a crystal of mercury fulminate, it becomes yellow 
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throughout in the very early stage of the reaction. The yellow 
colour commences on the external surface and then spreads inwards. 
The crystal lattice is penetrated by the reaction in a diffuse fashion, 
possibly by the diffusion into the interior of the soUd of some auto- 
catalyst of the reaction. A similar effect occurs in the decom¬ 
position of potassium azide ; individual crystal blocks become blue 
in colour and then rapidly decompose. It should, however, be 
emphasised that not all exothermic changes behave in this way. 
For example, in a-lead azide, the state of affairs is similar to that 
met with in the decomposition of hydrates and carbonates, metallic 
lead being formed on the external surfaces of the crystals. On 
the other hand, in /9-lead azide, the nuclei appear to be much more 
diffuse, penetrating the body of the crystal in an irregular fashion. 
Since in all those processes Q -t- E is large, it is doubtful if Boginski’s 
generalisation (p. 211) can be regarded as sound. 

The Increase in Number of Nuclei with Time .—It is generally 
held in work on the photographic plate that the number of centres 
at which nuclei can form is strictly limited, and this also appears 
to be true for the thermal decomposition of solids. It would 
be expected, therefore, that the rate of nuclei formation would 
depend on the number of possible developable centres and also 
on the activation energy of nuclei formation. If this activation 
energy were constant for each c-entre, the rate of formation of 
nuclei should obey the equation of the first order, giving approxi¬ 
mately a linear increase with time in the early stages of the reaction. 
Experiments on 0uSO«6H|O and chrome alum show that this is 
approximately true, but that in the case of NiS 047 H ,0 the number 
of nuclei inst^d of increasing proportionately to the time increases 
as the square of the time. Kornfeld finds similar results in the 
case of nucleation of strained metals, the number of nuclei increasing 
as the time or as the square of the time. On the whole, the experi¬ 
ments on nuclei formation are in agreement with the view that the 
activation energy of nuclear formation is not constant but varies 
from one centre of dislocation to another. 

Rate of Growth .—^The reactions of type IV occur within the 
interface between the reactant and its product, and the latter 
exerts some positive catalytic effect on the rate of growth. This 
is very considerable in the decomposition of potassium azide, where 
the rate of reaction is several powers of ten slower in hard vacuum 
than when the crystals are covered with a layer of metallic potassium. 

The rate of movement of the interface across the crystal face 
has been shown in a number of examples to be constant at constant 
temperature for any one crystal when the nuclei are above a certain 
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size (approximately 10“"* to 10“** cm. in diameter). The rate of 
growth is, however, a structure-sensitive property, as is shown by 
the variation in this ‘‘ constantrate from one crystal to another. 
Nuclei formed on scratches grow at a quicker rate in the beginning 
than later on, possibly due to the wide extent of the dislocation 
caused by the scratch, which lowers the activation energy over a 
wide area. For an unscratched surface, which is free from dust, 
etc., there is an induction j>eriod before the nuclei become visible 
which is much greater than would be expected if the nuclei started 
at < = 0 and increased in size at the normal rate. The induction 
period is most probably due to (a) the difficulty in decomposing the 
first few molecules, and to (6) an exponential rate of growth of the 
nuclei. 

In the case of carefully prepared crystals of chrome alum, the 
nuclei grow more slowly in the initial stages, and as Cooper has 
shown, the rate of increase of diameter obeys an exponential law. 
Recently, Maggs has measured the rate of growth of the spherical 
barium nuclei formed in the decomposition of barium azide and 
found also that the exponential law holds. The cause of the expo¬ 
nential rate of increase in diameter is not known with any certainty. 

The Molecular Structure of the Nuclei ,—Microscopical exam¬ 
ination of nuclei shows that the material of which they are com¬ 
posed undergoes slow changes with time (see nuclei on chrome 
alum, Plate II), These changes are probably crystallisation pro¬ 
cesses, for X-ray examination of the product in certain cases, e,g. 
copper sulphate pentahydrate and manganous oxalate dihydrate, 
has shown that when first separated it has no detectable crystalline 
structure. The view generally held is that in the case of hydrates 
the product has at first a zeolitic structure, which then collapses 
and finally crystallises. The rapidity with which crystallisation 
occurs varies from case to case, and when crystallisation is slow, 
anomalous effects may be observed such as the Topley-Smith effect. 

The effect observed by Topley and Smith with manganous 
oxalate bihydrate and recently confirmed by Volmer is no doubt 
caused by the slow crystallisation of the product. These authors 
have measured the rate of decomposition of the bihydrate in the 
presence of varying pressures of water vapour (Pig. 4). The main 
features of this curve are explained by Volmer as due to a slow rate 
of crystallisation of the solid product in hard vacuum, and its 
acceleration by water vapour, a surmise which was confirmed by 
X-ray analysis. At low pressures of water vapour, the solid is in 
an amorphous state showing no crystal structure with X-rays, but 
as the pressure of water vapour increases this solid undergoes 
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oiystalliaation. The curve given in the figure is divisible into two 
portions. The first fall in rate occurs at the interface between the 
crystalline hydrate and the amorphous product and the second fall 
at the interface between the crystalline hydrate and the crystalline 
product. The initial fall is due to the effect of water vapour in 
retarding the rate of dissociation at the first interface and the 
second fall to a similar action of water va|)our on the second inter¬ 
face. The rise which occurs after the minimum is ascribed to slow 
crystallisation. The Topley-Smith effect has so far been observed 



Fio. 4.—Rates of dehydration of manganous oxalate bi-hydrate. 


'Only with manganous oxalate bihydrate, and can be expected only 
when the rate of crystallisation of the product is abnormally slow. 

Experiments by Ck)lvm and Hume have shown that in the 
decomposition of copper pentahydrate, the presence of water vapour 
facilitates the crystallisation and stabilisation of the intermediate 
hydrate, CU8O43H1O. In this connection, a curious result is 
obtained in the dehydration of CuSOiSHiO, the monohydrate 
apparently separating out as a first product below 60° whereas the 
trihydrate is produced above this temperature. This is explained 
as due to the formation of amorphous trihydrate as an intermediate 
product at low temperatures, but which is only stabilised by crystal¬ 
lisation at the higher temperatures. It is tempting to explain other 
phenomena in terms of crystallisation processes. Thus, Spencer 
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and Topley observed that water vapour catalyses the decomposition 
of silver carbonate, which could be explained as due to a reduction 
of the activation energy of the reaction as a consequence of the 
catalysis of the crystallisation of the product by water vapour. 
Also, Topley and Smith have observed the catalysis of the dehydra¬ 
tion of copper sulphate by hydrogen chloride, which may be due 
to a similar cause. 

Activation Energies of Solid Reactions .—These are measured in 
various ways from the temperature coefficient of (a) the rates of 
growth of nuclei, (6) the induction periods in solid reactions, and 
(c) the overall rate of reaction, and where checks can be made 
between the various methods, the results are usually in agreement. 
There are considerable difficulties in the way of accurate measure¬ 
ments. In the first place, the energy liberated or adsorbed in the 
reaction is not easily dispersed, especially in work in high vacuum. 
Also, in reversible processes it is not easy to eliminate the back 
reaction, especially if the gaseous products have to diffuse through 
a layer of product (Impedance). 

The activation energies so far measured range from 0 to 60 
K. cals./gm.mol. and in general those changes which occur at measur¬ 
able spe^s at low temperatures have lower activation energies 
than those occurring at higher temperatures. There are, however, 
noteworthy exceptions; thus, the high explosives with activation 
energies in the neighbourhood of 60 K. cals, decompose over the 
range 100-200° C., whereas the alkaline earth azides which decom¬ 
pose over the same range of temperatures possess activation energies 
of 18-20 K. cal. The differences are due to the variation in the B 
factor in the Arrhenius equation, reaction rate = In 

reactions in gaseous and liquid systems, B includes the collision 
number Z, and certain probabilities that reaction will occur on 
collision, but in solids B has quite a different meaning. According 
to the theory of Polanyi and Wigner for surface and solid reactions, 
B = V.N for each sq. cm. of reacting surface, where v is the fre¬ 
quency of activation, and N is the number of molecules per sq. cm. 
of surface. The rate per sq. cm. of interface == and this 

gives a reasonable fit for certain solid reactions if v is taken as the 
frequency of vibration of the solid lattice ~ 10““ sec. It is, how¬ 
ever, essential in tests of this equation that the boundary between 
the solid and its product be sharp and easily estimated or measured. 
Agreement within one or two powers of ten has been obtained for 
such diverse substances as silver carbonate, copper sulphate penta- 
hydrate, and lead and potassium azides. These can be regarded 
as “ normal *’ cases of solid decomposition, where there is a reason- 
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ably sharp interface and where the rate of molecular activation is 
the maximum possible. 

EaKHhermic Changea .—table of activation energies for exo¬ 
thermic changes is given below. 


BoUd. 

Activfttlon 
Energy 
(K. cal.). 

liange of 
Temp. 

Investigator. 

Sodium azide, NaN, * . 

34-4 

240-276 

Qamer and Marke 

PotasHium azide, KNg * 

36-1 

222-266 

*f »* >» 

Calcium azide, CaN« 

lS-19 

80-110 

Marke 

Strontium azide, SrN^ . 

IB 

100-130 

Maggg 

Barium azide, BaN, 

21 

100-130 

Harvey 

Lead azide, aPbN« . 

38 

220-260 

Gamer and Oonnon 

Lead azide, flPbN, . 
Nitrogen iodide, NI,NHj . 

(37) 

200-270 


18 

- 30- - 10 

Moldrum 

Mercury fulminate, 




Hg(CNO), .... 
Lead atyphnate, 

Pb(C,ft(NO.).0,) . . 

32-2 

100-116 

Gamer and Hailes 

(40) 

226-266 

Hailes 

8-trinitro-triazo-benzene, 




C,(N,).(NO,), . . . 

320 

20-100 

Koginski and Andreev 

Trotyl, C,H,(NO,), . . 

630 

about 137*6 

Hoginski {Phy»» Z. Sowjei 

j 


Unioti, 1932, 1, 649) 

Picric acid. 




C.H,(OH)(NO.),. . . 

Tetryl, 

680 

M 163 

Boginski 

C,H,(NO,),.NCH,NO, . 
Nitroglycerin (liquid), 

630 

M 117-6 

»» 

C.H,(NO,), .... 

60 

160-190 

>* 


Measured when the surface is covered with a layer of alkali metal. 


It is not easy to decide from this table which are the “ normal ” 
cases. Assuming that leaui and the alkali azides are normal with 
activation energies of 34-38 K. cal. for the range 220-270°, then 
it is probable that the alkaline earth azides with values 18-20 K. 
cal. at 100° are also normal, although it has not yet been possible 
to measure the area of the interface to test this point. This means 
that all of the azides and lead styphnate possess rates of reaction 
in approximate agreement with the Polanyi-Wigner equation. The 
principal exceptions are mercury fulminate, nitrogen iodide, euid the 
high explosives, for which the reaction proceeds at a measurable 
rate at lower temperatures than would be expected. 

The abnormality of mercury fulminate is readily explained, 
since the reaction penetrates the lattice, and the interface at which 
reaction occurs soon becomes very large. In all solid reactions, the 
interface acts as a catalyst, so that the rapid rates of decomposition 
of fulminate can be stated as due to the production of an auto¬ 
catalyst which rapidly penetrates the lattice. The high explosives, 
as Boginski has shown, partly from his own work and that of Farmer, 







222 


SCIENCE PROGRESS 


give B values of 10^® to 10** instead of those for normal gas reactions 
of 10'* to 10’®. In these cases also, the crystals become coloured, 
and in certain cases liquefy, so that here also we have penetration 
of the lattice. As Hinshelwood has shown, the autoca-talyst in the 
case of tetryl is picric acid and the lattice difiFusion of this substance 
would account for the abnormality observed. 

Endothermic Changes .—In solid reactions where heat is absorbed, 
in so far as these have been measured, there is qualitative agree¬ 
ment with the Polonyi-Wigner equation. These reactions are 
reversible processes, and the main interest in this section lies in 
the manner in which the activation energy is affected by the state 
of aggregation of the product at the interface, and also in the mag¬ 
nitude of the activation energy of the back reaction. 

The activation energies in the case of hydrates and carbonates 
are of the same order as the heats of dissociation and this means 
that the activation energies of the reverse processes, e.g. the addition 
of H,0 and CO 2 to the lattice of the dehydrated product, are either 
zero or possess a small value. The reverse reaction is thus analogous 
to the condensation of a vapour on the surface of a liquid. Topley 
and Smith have made an accurate estimation for the reaction, 

CUSO46H2O CuSO.HaO + 4 HaO, 
and Cooper, Colvin, and Hume for the reaction 

CuSO^SHjO CuS 04 H ,0 + 2HaO, 

finding E = 18*25 and 15*6 K. cal. respectively. From the induc¬ 
tion period in nuclear growth. Bright finds 16 K. cal., whereas 
from the work of Carpenter and Jette, the heat of dissociation is 
12*6 K. cal. This discrepancy between the activation energies and 
heat of dissociation may be due to the finely divided nature of the 
product which separates in the rate measurements, and which must 
possess a higher internal energy than a coarsely crystalline material. 
In other words, the lack of agreement is due to the fact that the 
activation energies have not been measured for the systems in a 
state of equilibrium. This is the only case for hydrates where there 
has been a thorough investigation from all points of view. Zawadski 
and Breitsnajder, however, have taken these matters into account 
in an analysis of the results for carbonates, and have come to the 
conclusion that when the systems are truly in equilibrium the 
activation energy is equal to the energy of dissociation and that the 
addition of carbon dioxide to oxides occurs without activation energy. 
As an example, there may be mentioned the decomposition of silver 
carbonate which gives for E, 204 K. cal. and for Q, 20 K. cal. 
This view that the adsorption of carbon dioxide by oxides oocurs 
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without appreciable activation energy is supported by measure¬ 
ments of the velocity of desorption of adsorbed carbon dioxide. 

The Pkbssurk-Timb Curves 

The pressure-time cinrves are usually sigmoid in shape, showing 
in certain cases, mercury fulminate, marked induction periods. 
We can distinguish three tyixjs of curve which will be illustrated 
by examples. In Fig. 5 are curves for single crystals of lead azide, 
lead styphnate, and mercury fulminate, which show the range 
obtained. The nature of the curve, however, dei)end8 on the state 
of division of the solid. Thus, if a large number of small crystals 
of lead azide be taken, or if the fulminate be ground before decom¬ 
position, curves of the intermediate type shown by lead styphnate 
are obtained in both cases. With hydrates all three types are 
found, depending on the method of handling of the crystals. An 
unsoratched crystal gives a marked induction period, whereas if 
its surface be thoroughly scratched it gives a curve similar to that 
of lead azide. It would apj)ear, therefore, that an induction period 
is a common property of all solid reactions, but that it can easily 
be caused to disappear by adventitious circumstances. 

In the case of nuclei possessing a sharp interface, when these 
are above a certain critical size, the rate of reaction is found to be 
proportional to the area of the interface between the reactant and 
its product, and hence to the volume of the nuclei to the two- 
thirds power, the so-called law of typochemical reactions. Colvin 
and Hume have had considerable success in calculating the form 
of the sigmoid curves on the basis of simple assumptions regarding 
the increase in number of the nuclei with time and with the aid of 
the two-thirds jxjwer law. There are, however, abnormalities in 
the early stages of the reactions which are made evident by an 
exponential increase of the pressure with time. There are several 
causes which can operate to produce this result. In some cases, 
mercury fulminate, the interface of the nuclei is diffuse, and 
in others the nuclei increase in size in an exponential fashion, as 
Maggs has recently shown to bo true for barium azide. There is 
also a third factor which may be operative, namely, that the numbers 
of the nuclei increase exponentially with time. It is practically 
impossible to separate out these three factors from pressure measure¬ 
ments alone, and there is no certainty that the inferences drawn 
are correct unless measurements can be made on the nuclei them¬ 
selves. 

From the somewhat scanty data available, it may be concluded 
that there are two main types of solid reaction, (a) those occurring 
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Fig, 5.—Typical preesure-time curvea for solid decomposition. 

at a fairly diarp interface, and (6) those taking place in a diffuse 
fashion throughout the solid lattice. In both types the pressure 
increases exponentially with the time in the early stages of the 
reaction. It is worth while examining in some detail the cases of 
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mercury fulminate and high explosives where the reaction appears 
to belong to the second category. 

Mercwry Fidminate. —^There is a relatively long induction period 
followed by an acceleration of the reaction, the rate increasing 
as the twentieth power of the time. The reaction possesses a diffuse 
interface, and rapidly spreads throughout the solid lattice. The 
spread of the reaction obeys an exjwnential law in the early stages, 
viz. log p — kt + const. This can be accounted for formally in 
terms of a branching chain mechanism, although there is little 
experimental evidence on which to base a detailed theory. The 
branching may occur like that of a tree, among the discontinuities 
of the lattice, or it may follow as a result of the diffusion of an 
autocatalyst say, mercury ions, from the reaction zone into the 
body of the lattice, there to start up fresh reaction centres. If N« 
be the number of centres started thermally and k a branching 
coefficient, then 

(1) ^ = N# 4- and hence 
dt 

(2) log Nj = + const., 

and since N< <» to dp/dt, 

(3) log dp/dt — kt + const., and log p =: kt + const., 
the relationships found experimentally. 

The branching coefficient k is but slightly affected by grinding 
the crystals, which indicates that the branching is probably occurring 
in the body of the lattice, and this is in support of the theory of 
autocatalyst spreading. Therefore, the temperature coefficient of 
this reaction may be that of the mobility of some ion through the 
crystal lattice. 

High Exploeivea. —Boginski and his collaborators have brought 
to light similarities between the decomposition of nitroglycerine 
and solid high explosives. At low temperatures, the decom¬ 
positions are autooatalytic, the autocatalysts probably being one 
of the end products of the reaction, e.g. picric acid for tetryl and 
KOt for nitroglycerine. The autooatrdytic reaction obeys the 
Semenoff equations for branching chain reactions. At high tem¬ 
peratures the reactions are monomolecular with a very high B value in 
the equation, k = The high B value of 10*® is unexplained, 

it being doubtful if the monomolecular change is a chain reaction. 
There are thus two mechanisms of the reaction, the autooatalytic 
reaction occurring at the lower temperatures because its activation 
eneigy is less than that of the monomolecular reaction. Thus, for 
^tryl, Amono is 62, and Aauto is 18 K. cal. The occurrence of both 
these reaction typw for both liquidand solid explonves shows that the 
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lattice affords little effective hindrance to the mobility of the auto- 
catalyst and the escape of gases, so there must be very considerable 
mobility in the solid lattice. The autooatalytic decomposition of 
high explosives is very similar to that occurring in mercury ful¬ 
minate, and it is probable that the causes are the same in both 
cases, viz. the high mobility of some end or intermediate product 
in the solid state. 

Thb Dbflaoration and Detonation of Solids 

Solids, the decomposition of which occurs with the liberation 
of heat, can be made to detonate given suitable conditions. Sensitive 
explosives require only the application of heat, whereas the less 
sensitive can only be detonated by the application of a powerful 
shock. Even such an intractable material as a mixture of ammonium 
sulphate and ammonium nitrate can l)e made to undergo detonation, 
as was shown by the disastrous explosion which occurred at Oppau 
shortly after the Great War. Although many explosives cannot 
be detonated by the application of heat alone, it is generally found 
that they can be caused to ignite or deflagrate if the temperature 
be raised above a critical value, i.e. the normal thermal decom¬ 
position passes into a deflagration at an ignition temperature. The 
deflagration is a linear propagation of the reaction through the solid. 
A good example for demonstration purposes is provided by crystals 
of barium azide which on being placed on a hot plate become ignited 
at one end and are propagated like rockets through the air. If 
the speed of deflagration be sufficiently rapid, then a pressure pulse 
is generated which keeps in step with the chemical change, and the 
deflagration passes into detonation. Most high explosives, e.g. 
picric acid, deflagrate on heating and the rapid decomposition does 
not pass into detonation since the pressure pulse is not built up. 
In order to cause the detonation of such substances it is necessary 
to create a pressure pulse artificially as by the application of a 
shock, or by means of an initiating explosive. On the other hand, 
the brisant initiating substances, like lead azide, do detonate on the 
application of heat; in these cases, the velocity of the reaction can 
reach such a magnitude that it travels at the speed of the pressure 
pulse created by the chemical decomposition. 

The transition of the normal thermal decomposition into de¬ 
flagration, and the passage of deflagration into detonation, are 
matters of considerable interest at the present time, and although 
the conclusions reached as to the mechanisms of these processes 
are still very tentative, it is worth while to see what progress has 
been made in these fields. 
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Deflagration .—There are two main theories of the cause of 
ignition. The first, which is very ancient, is that defiagration arises 
when the heat generated by the reaction is too great to be conducted 
away to the surroundings, and the second, which is a modern in¬ 
vention, is based on the chain theory of reaction, ignition occurring 
when the length of the reaction chain becomes infinite. It is 
difficult to decide between these two alternatives, for both theories 
give similar mathematical relationships. It is probable, however, 
that ignition can arise by either mechanism according to circum¬ 
stances, as has been found for the ignition of explosive mixtures 
of gases, where the inception of flame in hydrogen and oxygen is 
ascribed to the chain lengths becoming infinite, whilst the origin 
of flame in methane and oxygen is said to be due to thermal causes. 
It is of interest to examine a few cases where the ignition caimot 
be due to the latter. 

In the case of mercury fulminate, crystals can be caused to 
ignite in a hard vacuum, under such conditions that the rise of 
temperature of the crystal due to self heating is negligible. The 
ignition arises abruptly out of the thermal decomposition without 
warning, and its occurrence obeys the laws of chance. If the 
ignition were due to a rise in temperature of the crystal as a whole 
there should be some evidence on the pressure-time curves of an 
acceleration of the reaction immediately before ignition, but none 
is found. Deflagration must be due to some event occurring during 
the decomposition, which has a strictly local origin. Similar results 
are obtained for lead azide, but here the matter can be pushed 
further since detonation arises from a sharp interface between 
metallic lead and the azide, the area of which can be measured. 
The lowest ignition temperature for lead azide in vacuum is 290° C., 
and at this temperature the number of molecules decomposing per 
second per sq. cm. of interface is 1-1 x 10^*, and this means that 
about 30 layers of lead azide are decomposed per second. Deton¬ 
ation arises out of the thermal decomposition on an average about 
once in 20 seconds. Now if we consider what local events can 
arise, which have the same probability as that of detonation, we 
find that the chance of two adjacent azide molecules decomposing 
within 10“** of a second is of the right order to be a possible cause 
of detonation, whereas the chance that three molecules so decompose 
occurs too rarely to be an effective cause. For two molecules to 
exert a “ simultaneous ” effect on neighbouring molecules, they 
must decompose within a period of 10““ sec., since the period 
of vibration of the lattice is approximately 10““ times per sec., 
ftnd vibrational energy is transmitted from lattice point to lattice 
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point with this velocity. It is also of interest in this connection 
that the detonation wave passes from one lattice point to the next 
within the same period of time. Deflagration could therefore arise 
if two adjacent molecules decompose within 10““ sec., provided 
that the energy set free by the decomposition were sufficient to 
activate all the adjacent molecules. The first step, as in nuclei 
formation generally, always requires the greatest energy, and this 
probably applies to deflagration so that, once started, the reaction 
would spread indefinitely. The energy set free in the decomposition 
of a gm. mol. of lead azide, Q + E, is 288 K. cal., and the activation 
energy is 38 K. cal., so that it is clear that there is sufficient energy 
available to activate 7-8 surrounding molecules. The initiation of 
deflagration wave by this moans is thus a possibility. 

This theory of the origin of ignition of explosives receives support 
from the work of Kallmann on the effect of rapidly moving atomic 
and molecular projectiles on explosives, a-particles and electrons 
which possess a very small diameter do not give rise to detonation 
but cause the molecules to decompose singly. However, the bom¬ 
bardment by ions of hydrogen, argon, and mercury, which possess 
a diameter large enough to activate a group of neighbouring mole¬ 
cules, is effective. Also, Taylor and Weale conclude from their 
experiments on the initiation of detonation by shock, that the 
origin of the detonation wave is the decomposition of a few mole¬ 
cules within a small volume, as a result of the friction which occurs, 
there being insufficient heat generated to raise the explosive to the 
ignition temperature. 

The Detonation Wave .—^The pressure pulse in the detonation 
of explosives traverses the solid with velocities ranging from 1600 
to 10,000 metres per sec. The wave passes each molecular layer 
in the solid in 10““ — 10““ sec., and since it is scarcely conceivable 
that a molecular layer wOl decompose and hand on its energy to 
the next layer witliin 10““ sec., it is clear that the wave front vrill 
possess a thickness of many molecular layers. The actual thinkna^ m 
has not been determined experimentally, but examination of solids 
in which the detonation wave has been extinguished shows that 
the width is very narrow, certainly less than 1 mm. 

In the study of detonation by shock, Taylor and Weale have 
shown that the heat generated by the falling weight is inadequate 
to raise the temperature by more than a few degrees and hence the 
onset of detonation cannot be due to purely thermal causes. They 
ascribe the origin of detonation to the grinding of crystal surfaces 
over one another which sets up locally the activation of a' few 
neighbouring molecules. They have measured the critical stress in 
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the case of mercury fulminate and find it 7 tons/cm**, acting over 
a time interval of at least 10“* sec. As regards the detonation wave 
itself, they have come to the conclusion that tliere is a critical value 
of the stress set up which must be exceeded in order to ensure the 
passage of detonation through the solid. This raises many inter¬ 
esting questions concerning the action of this stress in facilitating 
chemical reactions in the solid. The stresses produced by deton¬ 
ation are very high, being 1000 tons/cm.* in certain cases and such 
stresses are of the same order as the restoring forces in molecules. 
Thus, the chemical reactions in the detonation wave may be con¬ 
ceived as brought about by the applications of pressure alone.' 
As the detonation wave traverses the solid, the atoms of the mole¬ 
cules in the wave front imdergo a continuous change of position 
under the action of the stress, and if this stress exceeds a critical 
value, they pass into new molecular configurations. The effect of 
the stress may thus be regarded as reducing the energy of activation 
of the reaction to zero. 

In the case of thermal decomposition, we have seen that this 
passes into deflagration at a critical temperature, and that in the 
more sensitive explosives deflagration may pass in turn into deton¬ 
ation. In the light of what has been said above, it would appear 
that detonation will arise on heating a solid only if the linear pro¬ 
pagation of the reaction is capable of producing a sufficiently high 
stress in the igniting layers. 

Many of the topics covered by this article have been the subject 
of a discussion under the auspices of the Faraday Society at Bristol 
in April 1938, and references to original work can be found in the 
publication of this discussion. 

' Eggert has shown that in the case of nitrogen iodide, the application 
of a gas pressure of 3000 atmo8|)hcres will cauHo this substanoo to detonate. 
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The relationships of organisms to the surroundings in which they 
grow and the reciprocal effects of the physical environment and of 
the plants and animals upon one another is the subject of study 
and experiment embraced in that department of knowledge, or 
rather aspect thereof, which we term Ecology. In this complex of 
living organisms and physical surroundings the human being is an 
all-important member. It is, therefore, }>erhap8 not inappropriate 
that a plant ecologist should deal with this subject, since plants 
constitute so fundamental a part of our surroundings and are 
directly, or indirectly, essential to our continued existence. All 
aspects of applied biology come within the purview of the ecologist 
and not least those which are concerned with the hygiene, in its 
widest sense, of the human race. Human welfare is, in fact, a 
branch of applied ecology. 

The consideration of communities of micro-organisms as they 
actually occur, comparable to the communities of higher plants, 
with their mutual reactions upon one another, has already yielded 
results that the study of individual organisms as separate entities 
could not alone have attained. But, important as the lower plants, 
such as the Bacteria and Fungi, undoubtedly are with regard to 
human affairs, both as individuals and as communities, it is my 
purpose to restrict my remarks to a consideration of some of the 
reactions between the more complex green plants and man, which 
have, I think, been too little stressed hitherto. 

All of us, and all the lower animals, depend upon green plants 
either directly or indirectly for their energy supply. We either 
have our food second hand, as when we eat an herbivorous animal 
such as a cow, or even more indirectly if we eat the flesh of a 
carnivorous animal, or we obtain our food first hand from the plant, 

' The Chadwick Lecture, delivered June 9, 1938. 
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as when we eat bread or a banana. But our ideas of food and food 
values have been revolutionised during the past two deccdies. The 
old idea that our needs ore satisfied by a certain number of calories 
soon gave place to a recognition of the need for a projjerly balanced 
diet. More recent years have revealed the presence of the vitamins, 
which, though found in such small amounts, play so fundamental 
a role in the proper nutrition of our bodies. The diversity of these 
accessory food substances and their varying degree of development, 
even in different varieties of the same species or in different parts 
of the same organ, have placed a new emphasis upon the nature of 
the food we eat. Indeed, with respect to those members of the 
alphabet of vitamins that can be artificially prepared, there is 
even a risk of another lack of balance from the concept that because 
a little is good a lot is better. 

Quite recently our attention has been drawn to the necessity 
for healthy plant growth of the so-called micro-nutrients. The need 
of minute traces of boron for the growth of sugar beet, the need of 
zinc for the healthy growth of the grajje fruit, of minute traces of 
copper, manganese and iron for many plants, are but a few of the 
instances of essential micronutrients that have been demonstrated. 
Indeed, some evidence has been furnished to show that a large 
number of the rarer metals present in most, though by no means 
all, soils, are, in extremely minute quantities, actually beneficial 
to plant growth. Now, the plant not only absorbs these substances, 
but often accumulates them in its body, so that the quantity in the 
plant may be much greater than that in the soil itself. An instance 
of this is afforded by the remarkable accumulation of Selenium salts 
in certain American B})ecieB of Aatragalua, resulting in these plants 
acquiring a very poisonous character with fatal results to browsing 
animals. 

But the particular point that I would wish to stress is that these 
micronutrients, transferred from the soil to the plant, may have an 
important influence upon the nutritive value of the plant material, 
not merely for animals but for man himself. This has already 
been spectacularly demonstrated for sheep in Australia, where it 
has been shovui that the fatal disease known as Sheep Staggers is 
due to deficiency of cobalt in the herbage, which in turn is an 
outcome of a deficiency in the soil. So, too, the Coast Disease, of 
sheep fed on the calcareous dune pastures, appears to be due to a 
combination of deficienoes in respect to both cobalt and copper. 
It would seem as though the views of the homeopathist with regard 
to the efficacy of small doses were here at least valid. 

It must be emphasised that we are only at the beginning of our 
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study of the mioronutrients, and that what applies in so startling 
a manner to cobalt deficiency in sheep may well obtain in greater 
or less degree with regard to some of the micronutrients required 
by man ; and a more meticulous examination of the staples of diet is 
necessary before we can rightly assess their value, not so much 
perhaps for the mere maintenance of life, but for the support of 
vigorous health. 

The mdispensability of green plants to man’s nutritional en¬ 
vironment is fully recognised. So too is their importance as sources 
of raw materials, such as coal, timber, rubber, textiles, etc., for 
maintaining us in comfort with respect to our physical surroundings. 
But the use of plant materials as a source of heat, for the con¬ 
struction of our houses, or for the manufacture of our clothes, con¬ 
stitutes, as it were, so many protective devices interposed between 
us and the conditions by which we are surrounded. There is, how¬ 
ever, a further aspect with which it is my purpose to treat, namely 
the effect of plants in modifying the physical environment itself 
to the benefit or detriment of our health. 

Man is often the dominant, in the sense of the controlling, 
factor in his environment, and it is important that we should 
apprehend the effect on the welfare of the race of those changes 
which he himself brings about. With the object of adumbrating 
the influence of plant life, we will here consider the relation to 
human welfare not of the individual plant but of the aggregates of 
these as they affect man’s physical and mental well being. 

The general effect of plants on our surrounding circumstances 
is naturally an outcome of the main changes which their mass effect 
produces on the environment. The different behaviour of plants 
and animals with respect to their relative influence upon their 
gaseous environment has at times been exaggerated, at others 
minimised. Animals from their motile habits utilise a very large 
amount of energy and, in consequence, one of the pronounced effects 
of their presence upon the atmosphere around is to increase the 
content of carbon dioxide, as an outcome of their high rate of 
respiration. The organic food which the animal consumes is dmost 
entirely utilised in the production of energy to drive the machinery 
of its body, and this food is oxidised with the liberation of a con¬ 
siderable volume of carbon dioxide. Green plants, on the other 
hand, being sedentary organisms, consume far less energy in respira¬ 
tion, but, from their possession of the mixture of green pigments 
which we term chlorophyll, are able to absorb the external energy 
provided by light and so to utilise a large volume of carbon dibxidb, 
which is built up into complex carbohy^tes, with the simultaneous 
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liberation of oxygen in an amount approximately equivalent to that 
of the carbon dioxide absorbed. 

It was a too fa> 9 ile generalisation of these facts that led the 
examination candidate to conclude that if a rabbit and a cabbage 
were placed together in an hermetically sealed chamber they would 
live for ever, but the reciprocal influence of plants and animals upon 
the gaseous content of the atmosphere around them is a feature of 
great significance in the economy of nature, for this relationship 
of their gaseous exchanges ensure that these gases, if one may employ 
a financial simile, are maintained in current circulation and not 
accumulated in a deposit account. 

A plant in full sunshine is actively respiring as well as manu¬ 
facturing food, and it is therefore utilising oxygen and producing 
carbon dioxide in the one process at the same time as it is using 
carbon dioxide and producing oxgyen in the other. The total 
effect of the plant on the gases around is hence the balance between 
these two processes. 

During the daytime and in the open the green plant may easily 
be producing oxygen and taking in carbon dioxide at twice the rate 
at which the reverse processes are proceeding. We might perhaps 
therefore expect that, in a dense growth of vegetation such as a 
woodland or a well-stocked garden, the atmosphere would exhibit 
an enrichment of the oxygen content. Actually, however, there is 
little, if any, change in composition, since the multitudinous micro¬ 
organisms in the soil itself are producing carbon dioxide in their 
respiration, which often more than counterbalances the absorption 
of this gas by the green plant. Indeed, the carbon dioxide content 
of the air in a dense beechwood, when there is no wind, may actually 
be appreciably in excess of the 0*03 per cent, normally present. 

Numerous determinations have, however, shown that, despite 
the factors tending towards disparity, the composition of the 
atmospheric air in various localities is remarkably constant. 

But a word may not be out of place with reference to a matter 
that was at one time the subject of some controversy, namely the 
influence of plants and particularly of flowers in living-rooms. To 
appreciate the position it must be realised that the capacity of the 
green plant to make food at a faster rate than it is consumed in 
respiration is usually dependent upon the light intensity. Now, 
owing to the compensatory action of our eyes in diill light, we are 
led to imagine the intensity of illumination in a living-room is much 
higher than it actually is. In a living-room or bedroom the light 
intensity is often not more than one-fiftieth of that in the open, 
although it is of course lighter nearer the window and darker as 
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we recede from it. It may thus easily be the case that, even during 
the daytime on a bright day, a green plant in a living-room is barely 
receiving enough radiant energy to enable it to manufacture food 
fast enough to keep pace with the losses due to the utilisation of 
this food during respiration. In other words there will be little 
or no increase of oxygen in the air and little or no decrease of CO*. 
There is a light intensity at which the building up processes and 
the breaking down processes just balance, known as the compen¬ 
sation point, and experiments have shown that this intensity varies 
considerably between different plants. It is very low for the 
aspidistra, which is the reason why this plant will flourish even in 
the gloom of an apartment window. With non-green parts of 
plants, which includes the flowers (except for their sepals and 
stalks), there is of course respiration but no photosynthesis, so that 
these increase the CO* content of the air and diminish the oxygen 
content, the more so that the rate of respiration of floral organs is 
often twice that of leaves and may be very much higher. 

Modem physiological research has shown that a slight increase 
of the CO I content of the air may promote deep breathing, but 
even so the old belief that it is desirable to remove plants from a 
sick-room after dusk might seem to be theoretically justified, though 
it is very doubtful whether their influence is sufficiently marked to 
be significant. The slight increase of humidity they bring about 
might even be beneficial. Still, it is well to be on the safe side. 
It can be assumed that, except in still air or enclosed spaces, the 
effect of plants on the composition of the atmosphere is usually 
negligible. 

The influence of plants on humidity is, however, very marked. 
The surface of the leaves is continually giving off water vapour 
and when plants are growing in the mass the amount of water 
emitted in this way is very considerable. It has, for example, 
been calculated that a beech wood during the course of a single 
season gives off water vapour equivalent to about inches of rain. 
The loss from an oak wood is probably rather less, being of the 
order of about 5 inches. Vegetation thus plays a not inconsiderable 
part in maintaining the humidity of the atmosphere. 

Greenburg in a communication to the American Medical Associa¬ 
tion in 1919 adduced evidence to show that deaths from lobar 
pneumonia were fewer when the humidity was high than when it 
was low, and, apart from particular instances such as this, general 
experience affords evidence that prolonged periods of drought are 
deleterious to health, probably both from the direct effects of low 
humidity and from the indirect consequences of this condition such 
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as the prevalence of duet. Thus we see the plant world in the 
rdle of a regulator of the atmospheric humidity and, since plants 
lose more water when the air is dry than when it is moist, the 
presence of vegetation is an important safeguard, tending to minimise 
the risk of extreme aridity of the atmosphere which would be 
prejudicial to health. 

Of the radiant energy that falls uiK)n the surface of the foliage, 
and which in its absence would contribute to the heating of the soil 
surface and the supernatant air, more than 60 per cent, is probably 
utilised in evaporating water from the plant. Thus vegetation is 
seen in another role as a regulator of the temperature of the lower 
layers of air. Indeed, it has been shown that the temperatures 
in woodlands are both lower in summer and higher in winter than 
in the open, whilst extremes of temperature are most marked where 
the soil surface is devoid of vegetation. 

Sir Napier Shaw brought forward evidence that low temperatures 
were deleterious to influenza patients, whilst Huntington showed 
that both low and high temperatures were inimical and less favour¬ 
able to human welfare than a medium temperature. The optimum 
has been assessed at about 64° F. and this temperature is more 
beneficial if the air be moist. The ancient belief that coimtry air 
is beneficial may well be due to the fact that there the vegetation 
provides a safeguard against those extremes of low humidity and 
high or low temperature which so often obtain in cities and which 
are so unfavourable to man. At the same time vegetation tends 
to check abrupt changes, so that these play their full effect as 
stimuli to the human body without involving the suddenness of 
adjustment that mitigates their value. 

But another and more important aspect of vegetation is its 
r61e as a oonserver of our water supplies. The rain that falls upon 
the surface of the land is largely determined by physical conditions 
of the atmosphere beyond these islands, so that the local conditions 
of surface play but a minor part in respect to precipitation. But 
the presence or absence of vegetation and the nature of the plant 
covering do materially affect the fate of the rain, dew, mist or snow 
that furnish our water supplies. 

Of this total precipitation some evaporates directly into the air 
again, some is held by the soil, as by a sponge, and some passes 
through or over the soil to find its way into the rivers and ultimately 
into the oceans to repeat the circuit of its transport. 

The greater the amount whidi is retained by the soil, the less 
will flow down the surface, and so there will be a diminution of 
erosion. The more sponge-like the soil, the slower will be the 
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drainage, and so the water that falls at a given time may take weeks 
or months to find its way into the streams. It has, for instance, 
been shown that the flow of the Hertfordshire Bourne is determined 
by the rainfall more than a month previous. Anything, therefore, 
that tends to hold back the water will result in a higher average 
water table and a more prolonged flow. It will be a safeguard alike 
against flood or drought. 

Such a safeguard is provided by vegetation. The most retentive 
component of the soil is the organic material provided by the decay¬ 
ing leaves, and of all types of vegetation which provide a copious 
and continually renewed supply of humus none is more effective 
than woodland. Rather less efficacious is grassland. Cultivated 
crops still less so and bare soil least of all. The disastrous floods 
in the south of France which resulted from the extensive felling of 
forests in hilly country have been surpassed by those in the United 
States. The absence of the natural regulators of water supply 
permit the incident rain to make its way unhindered to the rivers, 
but this same loss of water brings in its train excessive erosion. 
With the advent of the dry season and the absence of any reservoir 
in the soil, the floods are inevitably followed by drought, and the 
eroded and bare surfaces are liable to further removal by the action 
of wind. 

So we find that in America the extensive floods were but the 
prelude to equally disastrous droughts and to the production of 
the so-called “ dust bowl.” It has been calculated that in this way 
an area equivalent to nearly twice that of the whole land area of 
Great Britain and Ireland has been more or less ruined. The 
droughts and floods that have been experienced of recent years in 
the catchment area of the Thames are the same phenomenon on a 
smaller scale. If we are to have due regard for the future comfort 
and health of the population it is essential that our planning of the 
utilisation of our land surface should have due regard to the capacity 
of that surface to regulate our water supplies and duly conserve them. 

Some idea of the capacity of forest soils to conserve moisture 
can be gained from a comparison of the proportion of rainfall retained 
by such a soil before and after the surface has been burned and 
the sponge-like humus thereby destroyed. It was found in two 
such instances that the retentive capacity was in thiw manfiftr 
reduced in the one locality to less than a third and in another to 
one-fiftieth. A close turf of grass may prevent erosion almost as 
effectively as woodland, though the latter is more effective as a 
retainer of water, but land under cultivated crops is only about a 
tenth as effective for preventing water loss. 
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When -we oonmder that probably all the heather clad moorlands 
of the west and north and the heathlands of the south «md east of 
England were once woodland, that forests once clothed the Wetdd 
of Kent and the plains of Worcester—^to mention but two areas that 
were well wooded until comparatively recent times—we realise that 
if conditions are not worse than they actually are it is due to luck 
rather than to judgment. The need for insurance against a national 
emergency in respect to timber has dictated our too long-delayed 
policy of national afforestation, but we may well ask whether this 
should not be combined with one directed towards the maintenance 
of healthier conditions t 

In the words of Professor C. Wissler, “ Perhaps when the new 
Bible of Science is written one may read of man as the prodigal son 
ef Mother Nature spending his heritage in riotous living, but at last 
reduced to the husks upon a barren waste of his own making.” 

If we are to escape from this we must take thought for both 
to-day and to-morrow regarding the implications of the changes 
that our activities bring about. 

So far I have dealt with the more direct influence of vegetation 
upon our welfare, but there is another, more subtle, but none the 
less important, aspect of plant life, namely its amenity value. 

This r 61 e is recognised by the existence of those properties vested 
in the National Trust for their value as Nature reserves which have 
been acquired by public and private enterprise. But it is too httle 
realised that the recreational value of these properties, which 
depends upon the maintenance of the diverse flora and fauna that 
they support to-day, will only persist under a system of informed 
control that is fully alive to the natural trends of change and the 
requirements individually and collectively of the plants and animals 
concerned. To some it is the flowers that are a source of refreshment 
and recreation, to others it is the birds, to some perhaps the insects. 
But, whether it be the animal or plant life, or the combination of 
both, that provides balm to the jaded nerves of the urban popula¬ 
tion, it is upon the vegetation that these features depend. Active 
and not passive control can alone ensure that downland will not 
become woodland or that the feet of many visitors do not destroy 
those very features for which an area is prised. 

For this reason the acquisition of a small number of large 
eieas is far more to be desired than many small ones. For, with 
increasing facilities of transport, the obstacle that distance imposed 
is fast being removed, whilst a large area not only permits of greater 
diveruty of flora and fauna, but reduces materially the difficulties 
of both maintenance and control. 
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It is in the best interests of the health of the oonununity, mental 
as weU as physical, that the heritage of the ages which is still avail¬ 
able in the flora and fauna of to-day should be preserved to us and 
ow successors in suitable chosen National Parks before their 
acquisition is too costly or the wild life of these islands becomes 
further impoverished. 

To some degree, but I venture to think a smaller one, the cult 
of the garden plays a similar role in the life of many members of 
the community that vdld country does in that of others. Horti¬ 
cultural pursuits certainly play no small part in maintaining the 
health of many members of the community, and it is therefore 
perhaps not out of place that 1 should here voice a protest against 
that tendency towards mass production in gardening, which tends 
to detract in no small degree from the recreational value of the 
products of the craft. I refer to the all too frequent tendency 
towards that imitation which results in the multiplicity of Blue 
Lobelias, Bed Pelargoniums, etc., or the vain repetition of the same 
kinds of plants planted in the same kind of way in garden after garden 
of the same villa area. It is, I think, true to say that almost any 
garden possesses interest if it has individuality, but this unfortunate 
tendency to grow exactly the same plants as your neighbours is the 
very negation of personal expression and results in a monotony 
that must be as psychologically deleterious as the identity of house 
plan with which such gardens are so often associated. But this 
regrettable uniformity is by no means confined to the smaller lype 
of garden, which can exhibit an individuality surpassed by none. 
The large garden, too, not infrequently suflers from a lay-out that, 
even though expensive, is as unmistakably “ stock pattern.” 
Amongst all those plants which you personally prefer find out by 
experiment which you can grow successfully in your garden and 
make a speciality of these, but never persist in stocking your garden 
with hospital cases that you keep alive by sheer skill. To grow 
the plants which look as though they enjoyed growing is the surest 
way to horticultural success and mental satisfaction. 

Finally, I would add something as to wayside planting. Every¬ 
one will probably concede the amenity value of a well-planted road, 
but if we are to obtain the greatest benefits from this feature there 
are several important points to be borne in mind. 

First, I would urge that the wayside planting must have due 
regard to vistas which the road user can enjoy, which implies that 
in general the planting of roadsides on hill crests which afford 
beautiful prospects is to be deprecated. As regards choice of trees 
or shrubs, there is a wide range avedlable for planting in the more 
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sophisticated neighboiirhood of towns, but in the open country the 
planting of native species suitable and preferably characteristic of 
the area through which the road passes is desirable. The variety 
of native trees is not inconsiderable and it adds great charm to one’s 
journey if the same species do not continually reappear, but are 
associated with their appropriate areas. The Scots Fir and small- 
leaved birch by the roads of Perthshire would not appear half so 
charming if they were planted everywhere else. So too we like to 
see the Cornish Elm in Cornwall and the Huntingdon Elm in the 
Eastern counties or the stately beech trees by the roads of Bucking¬ 
hamshire. Such attention to the local character of the country 
through which the road is imssing will avoid that uniformity of 
treatment that leads to monotony and which is known to be con¬ 
ducive to bad driving. For the same reason a single species should 
not be employed for long continuous stretches and irregularity of 
vertical and horizontal contour should be aimed at. 

For narrow roads the smaller-leaved species are to be preferred, 
whilst large-leaved species or species whose leaves, like those of 
the beech, are liable to packing when wet, and thus liable to cause 
skidding, should be utilised only where the roadside verge is of 
sufficient width to obviate such risk. 

Plants both individually and collectively can contribute in no 
small degree to human health and happiness, but if they are to be 
utilised to the best advantage we must consider alike their influence 
on us and ours on them. 



THE PRODUCTION AND PROPERTIES 
OF NEUTRONS 


By N. feather, Ph.D. 

Trinity CotUge, CanU)fidg€ 

Historical Introduction 

Soon after the electrical theory of the constitution of matter had 
been generally accepted by men of science, the idea of an atomic or 
sub-atomic particle having no resultant charge began to be enter¬ 
tained by many workers. At first only the negative electron 
possessed the dignity of an experimentally isolated entity, but, 
because matter in bulk is normally uncharged, a positive counterpart 
of the electron was obviously required. To suggest the existence of 
a (possibly complex) neutral particle was then merely to go one step 
farther with the general scheme. Such a particle was finally 
discovered thirty-five years after the electron was isolated—and 
just about half that time after the identity of the positive counter¬ 
part of the electron h«wl been commonly recognised—and many 
distinct suggestions regarding neutral particles had meanwhile been 
made. In the present introduction some of these suggestions will 
be examined for their historical significance and their general interest 
—and it will be noted, incidentally, that the term “ neutron ” was 
current in general scientific literature long before its final appropria¬ 
tion in respect of a particle the discovery of which belongs strictly 
to the year 1932. 

Concerning almost the first of these suggestions—and probably 
the first use of the word neutron—^it will suffice to quote from the 
TCng liab translation of the fourth (1003) German edition of Nemst’s 
Theoretical Chemistry. Nomst’s translator wrote : “ It is a question 
of much importance whether a compound of the positive and negative 
electrons {neutron, an electrically neutral massless molecule) really 
exists ; we shall assume that neutrons are everywhere present like 
the luminiferous ether, and may regard the space filled by these 
molecules as weightless, non-conducting, but electrically polaiisable, 
that is, as possessing the properties which optics assumes for the 
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luminiferous ether.” Merely to remove any possible misunder¬ 
standing it might be added that the word neutron occurs in the 
original German ; it was, therefore, taken over directly in the 
English version. 

The next group of suggestions represents some early attempts 
to understand the nature of the X-rays and the y-rays from radio¬ 
active substances. Reviewing various hypotheses in 1904, 
Rutherford wrote (Radioactivity, p. 146): “ It is also possible that 
the y-rays may consist of uncharged particles projected with great 
velocity,” and, as reasonable support for this suggestion, added, 

“ a small uncharged particle moving through matter would probably 
not be absorbed as rapidly as a charged j>article of the same mass 
and velocity.” Here, whilst there is no evidence to show that 
Rutherford really considered this possibility very seriously at all, 
it is interesting to note that even at this early stage he had evidently 
formed a very definite idea of the mode of absorption of fast particles 
in passing through matter, recognising the great penetrating power 
which a fast-moving neutron might be expected to possess. Rather 
later W. H. Bragg put forward a somewhat similar neutral-doublet 
hypothesis in an attempt to visualise the processes occurring in the 
production and absorption of X-rays. Two quotations from Studies 
in Radioactivity (1912) are sufficient to indicate the differences and 
affinities between this idea and that of Rutherford, just mentioned. 
Bragg wrote (p. 192): “ The great bulk of X-ray phenomena are 
just what we should expect if wo thought the electron able to 
neutralise its electric charge without alterations to any other of its 
properties or qualities ”—amd again (p. 191): “ As an X-ray, the 
entity, being neutral, passes through atoms freely and carries its 
store of energy from point to point without loss.” It is hardly 
necessary to add that both hypotheses have long since ceased to 
possess any relic of their original utility. 

Suggestions of the third group belong to the period of the nuclear 
atom model, after the hyc^gen nucleus, or proton, had already 
been recognised as the structural counterpart of the negative 
electron (Rutherford, Phil. Mag., [vi] 27, 488,1914). These sugges¬ 
tions, therefore, involve heavy rather than light neutrons, and are 
concerned chiefly with attempts to formulate descriptive theories of 
nuclear structure rather than to describe the properties of radiations. 
Thus, in the period 1916-30, neutral particles of atomic mass 1, 2, 3 
and 4 units were postulated by Rutherford (1920, 1927), Harkins 
(1920, 1921), Meitner (1921), Ono (1926) and others, for reasons of 
this kind. As later events have proved, the most successful of 
these predictions was made by Rutherford in 1920. Rutherford 
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•wrote (Pfoc. Roy. Soc., A, 97, 396, 1920): “ Under some conditions, 
however, it may be possible for an electron to combine much more 
closely with the H nucleus, forming a kind of neutral doublet. 
Such an atom would have very novel properties. Its external field 
would be practically zero, except very close to the nucleus, and in 
consequence it should be able to move freely through matter . . . 
it should enter readily into the structure of atoms, and may either 
unite with the nucleus or be disintegrated by its intense field. . . . 
The existence of such atoms seems almost necessary to explain the 
building up of the nuclei of heavy elements ; for unless we suppose 
the production of charged particles of very high velocities it is 
difficult to see how any positively charged particle can reach the 
nucleus of a heavy atom against its intense repulsive field.” Without 
much exaggeration it may be said that the neutron of 1932 was 
found with precisely these properties. Before leaving the above 
quotation, it is perhaps worth while to draw particular attention to 
the last remark which it contains. Five years earlier, Rutherford 
had ■written {Popular 8ci. Monthly, 87, 141, 1916): ” On the point 
of view outlined in these lectures, the building up of a new atom 
will require the addition to the atomic nucleus of either the nucleus 
of hydrogen or of helium, or a combination of these nuclei. On 
present data, this is only possible if the hydrogen or helium atom 
is shot into the atom with such great speed that it passes close to 
the nucleus.” It is not unlikely that the original hypothesis of the 
massive neutron arose first, at some intermediate time, in the con¬ 
sideration which is common to these quotations. 

After hypotheses, the next step should invariably be experi¬ 
mental. It is characteristic of Rutherford that in this case, as with 
any less speculative suggestion, he immediately set on foot investiga¬ 
tions designed to test his ideas. On his suggestion both Glasson {PhU. 
Mag., [vi] 42, 696, 1921) and Roberts {Proc. Roy. 8oc., A, 102, 72, 
1922) carried out experiments in an attempt to detect the production 
of neutrons, by combination of protons and electrons, in an electric 
discharge through hydrogen. Each of these experiments 3 rielded 
a negative result; Glasson was unable to detect any penetrating 
component in the hydrogen canal rays by ionisation methods, and 
Roberts showed that if sub-atomic energy were released in the 
discharge (energy of combination of proton and electron) this ■was 
less than 0-6 per cent, of the electrical energy which was dissipated 
as heat. In spite of these results—and positive results would in 
fact have been very surprising—Rutherford did not abandon the 
idea of the neutron as a structural unit for nuclear theories. He 
referred to it again in papers •written in 1924 {J. FrcmHm Inat, 196t 
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726, 1924), 1926 {PhU. Mag., [vi] 50, 889, 1926), 1927 (PhU. Mag., 
[rii] 4, 680, 1927) and in Jtadiatiana from Badioactive Substancea in 
1930 (p. 523). In 1929 an apparently anomalous result in an 
experiment on the disintegration of aluminium by a particles 
(Rutherford and Chadwick, Proc. Camb. Phil. Soc., 25, 186,1929) 
was followed up “ in order to test . . . whether the particles of 
very long range might possibly be neutrons ” (p. 189). It was 
found that they were not. Soon afterwards many more investi¬ 
gators began to take count of the hypothetical neutron in theoretical 
discussions (e.p. Longer and Rosen (1931), and Urey (1931)). Finally, 
three years later, the recognition of another artificial disintegration 
anomaly opened the way to Chadwick’s discovery : in the case of 
beryllium, Chadwick showed that disintegration particles were 
emitted having all the properties of neutrons. We shall return to the 
details of this discovery presently ; meanwhile, brief reference must 
be made to another more recent neutral particle hypothesis to 
which we shall also be forced to recur at a later stage in the dis¬ 
cussion. In 1931 Pauli re-introduced the idea of a neutron of small 
mass in order to be able to retain the principles of conservation of 
energy and momentum in the description of radioactive /^-particle 
emission. Experimental evidence in favour of this particle—now 
referred to as the neutrino—^is slowly accumulating: at present, 
however, no more definite pronouncement can be made. Certainly 
the neutrino hypothesis is amongst the longer-lived improved 
notions of modem physics. 

Thb Discovbey op the Neutron 

In view of what has already been said it will scarcely appear as 
surprising that the radiation which was first shown to consist of 
neutrons should initially have been thought of as y-radiation. In 
its broad outlines the history of re-interpretation in this case is well 
enough known, if it is recorded here, therefore, it is with particular 
emphasis on one aspect often insufficiently appreciated—^the 
complication introduced by the circumstance that y-rays as well as 
neutrons happened to be present in the complex radiation originally 
investigated. 

In 1930 Bothe and Becker (Naturwias, 18, 706, 1980 ; Z. Phyaik, 
66, 289, 1930) used a point counter to study the possible production 
of y-radiation when light elements are bombarded by a-partides. 
The anomaly with aluminium which Rutherford and Chadwick had 
investigated in the previous year had been one of a number of 
indications that nuclear y-rays might possibly be emitted from 
owtain light elements which, tmder a-particle bombardment, 
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suffered artificial disintegration with emission of protons. Bothe 
and Becker found evidence for such y-radiation with boron, mag¬ 
nesium and alu m inium—and also with lithium and beryllium, two 
elements from which protons had not been observed. They investi¬ 
gated the penetrating power of the beryllium radiation, and found 
it more penetrating than the y-rays from any known radioactive 
product. This interesting result attracted much attention, and 
Curie {Camples rendua, 193, 1412, 1931) and Joliot {Camples rendvs, 
193, 1416, 1931) carried out independent investigations of the 
radiations from beryllium and boron, respectively. These investi¬ 
gators used an ionisation chamber at atmospheric pressure and 
found in each case that the radiations produced under a-particle 
bombardment were more penetrating than the hardest radioactive 
y-rays. Absorption coefficients even smaller than those obtained 
by Bothe and Becker were deduced from these experiments. It 
is now clear that insufficient importance was attached to this 
numerical discrepancy : it did not occur to anyone to suggest that 
the point counter and the ionisation chamber might possibly be 
registering chiefly the effects of different radiations. We now 
know that such was in fact the case. About this time, also, Webster 
{Proc. Roy. 8oc., A, 136, 428, 1932) made a thorough survey of the 
penetrating radiation from light elements, using both a tube counter 
and a high-pressure ionisation chamber. If corresponding results 
had been of the same accuracy in these experiments (actually the 
tube counter was used only in preliminary work with a weak source 
of a-particles) an imjMjrtant discrepancy would not again have been 
missed. As it was, Webster discovered another result equally 
difficult of explanation. He found (in the ionisation chamber 
experiments), with beryllium and boron, a difference in penetrating 
power between radiations emitted in different directions. In each 
case the radiation emitted in the direction of motion of the 
a-particles used in the bombardment was found to be harder than 
that emitted in the opposite direction. Clearly this result is difficult 
to understand of a quantum radiation. Then, further investigations 
of Cime and Joliot {Camples rendvs, 194, 273, 1932) produced a 
most unexpected observation. Influenced perhaps by the con¬ 
sideration that in penetrating power the beryllium radiation 
approached more nearly than did any other radiation of terrestrial 
origin the penetrating cosmic radiation—and by certain results in 
that field of investigation then of topical intere^ (see Millikan and 
Anderson, Phys. Rev., 40, 326, 1932)—Curie and Joliot made an 
intensive search for possible disintegrations which might be attri¬ 
buted to the radiation from beryUium. No such effects were 
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observed, but they found that protons of long range were projected 
from all hydrogenous materials. Similar results were obtained with 
the penetrating radiation from boron—and differences in range of 
the protons observed in the two oases showed that characteristic 
nuclear radiations were involved. Whilst recognising the great 
difficulty in understanding theoretically the large magnitude of the 
effect, Curie and Joliot suggested tentatively that the protons which 
they had observed originated in a Compton scattering process 
suffered by an electromagnetic radiation of high quantum energy. 

As soon as these results had been annoimoed, Chadwick {NcUure, 
129 , 312, 1932) investigated the possibility that the radiation from 
beryllium might be able to set in motion the nuclei of atoms heavier 
than hydrogen. Using an ionisation chamber and proportional 
amplifier, he detected the recoil atoms of each of the seven lightest 
elements and also of argon. Moreover, his experimental method 
enabled him to make a reasonable estimate of the relative energies 
of projection of these nuclei. It was found that the rate of decrease 
of recoil energy with increasing mass was considerably less rapid 
than was consistent with the quantum-scattering hypothesis. 
Chadwick pointed out that all the energies were in good agreement 
with those calculated on a neutral particle h}rpothesis assuming 
elastic collisions, if the mass of the neutral particle was about unity 
on the atomic scale—and, furthermore, that this hypothesis was 
able to explain naturally the directional asymmetries which had 
been observed. This new suggestion was accorded immediate and 
wide acceptance. Very soon it was established that not only from 
beryllium and lithium, but also from several elements from which 
protons had previously been observed, neutrons were emitted, 
along with y-rays, imder a-particle bombardment (see Chadwick, 
Proc, Roy. Soe., A, 136 , 692, 1982 ; 142 , 1, 1933 ; Becker and 
Bothe, Z. Phyaik, 76 , 421, 1932). Since then examples of the 
production of neutrons in transformations produced by protons, 
by deuterons, by y-rays, as well as by other neutrons as bombarding 
particles, have rapidly multiplied. Here, however, the later history 
of this aspect of the matter does not further concern us. 

The “ Exact ” Mass of the Nbuteon 

As long as it was imagined that the neutron was a stable com¬ 
bination of a proton and an electron, it was nattiral to suppose that 
its mass was slightly less than the mass of the hydrogen atom. 
Various classical theory calculations were made on this basis at 
an early stage (see, for example, Braimbek, Z. Phyaik, 77, 634,1932, 
also, in this connection, Harkins and Wilson, Proc Nat. Acad. Sci. 
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1 , 276,1916) and the estimate which Chadwick first derived empiric* 
ally from a consideration of the conservation of mass-energy in the 
disintegrations of boron appeared favourable to this assumption. 
If, as we now know, the contrary result has since proved to be 
correct—the neutron mass is in fact greater than the mass of the 
hydrogen atom—this neither invalidates Chadwick’s method of 
calculation nor confirms the original high value put forward by 
Curie and Joliot {Comptes rendiia, 197, 237, 1933). Chadwick’s 
method depended upon the use of the accepted values of atomic 
masses, which have been considerably modified in recent years (see 
Reports on Progress in Physics, 2, 77, 1936; 3, 69, 1937), that of 
Curie and Joliot was based upon a false assumption concerning the 
nuclear transformations involved. What at one time provided a 
lively controversy now retains, therefore, nothing but historical 
interest, and we may proceed at once to indicate the method by 
which our present more trustworthy knowledge has been obtained. 
This method combines an accurate determination of a small mass 
difference by means of the mass spectrograph with an estimate of 
the binding energy of the deuteron deduced from the results of 
photo-disintegration experiments. 

In 1934 Chadwick and Goldhaber {Nature, 134, 237, 1934) first 
showed that irradiation of heavy hydrogen with the hard y-rays of 
thorium active deposit resulted in the liberation of protons and 
neutrons throughout the gas. These particles come from the disin* 
tegration of the heavy hydrogen nucleus by y-rays of 2-62 x 10* e.V. 
energy : if, therefore, we can determine the kinetic energy of the 
particles, we can calculate, by subtraction, the minimum energy 
which is necessary to effect the disintegration. This energy repre¬ 
sents the difference in mass between the complex nucleus, the 
deuteron, and its constituent particles, proton and neutron. Chad¬ 
wick, Feather and Bretscher (Proc. Roy. 8oc., A, 163, 366, 1937) 
have deduced the mean kinetic energy of the protons firom measure¬ 
ments of range in the expansion chamber. Because of the near 
equality of mass of proton and neutron—and the small momentum 
of the quantum—the mean energy of the neutrons is the same 
within allowable limits. On the basis of these results (concerning 
which see also Bethe, Phys. Rev., S3, 313,1938), if symbols represent 
atomic masses, as is the usual practice, we may write 

-f- — H* = 0’00238 ± 0 00007 mass units. 

The mass speotrographic data concern the small difference in mass 
between the singly charged ions of molecular hydrogen and those 
of atomic deuterium, respectively. Here the determinations of 
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Aston {Proc. Boy. 8oe., A, 163, 391, 1937), and Bainbridge and 
Jordan (Phya. Bev., 51, 384, 1937) are in excellent agreement. We 
may write 

2H‘ - H* = 0 00162 ± 0 00001 mass units. 

Subtracting again, we obtain 

n> — H* = 0 00086 ± 0 00007 mass units, 

for the dilFerenoe required. It will be observed that this result is 
independent of an accurate knowledge of the mass of any atomic 
species. In addition, although it has been obtained by considering 
one case of disintegration only, it may be said that none of the well- 
established disint.^ation data throws serious doubt on its accuracy : 
if the mass of the hydrogen atom is 1-00812, that of the neutron is 
1 -00898 ± 0-00007 on the atomic scale. 

Nbittbons as Stbuctural Units in Nuclei 

It may be taken as the uncontested result of numerous experi¬ 
ments that the resultant charge on any nucleus is an integral multiple 
of the charge on the proton, and that the mass of the nucleus is 
represented quite closely by a whole number on the atomic scale 
(O** = 10). Moreover, it is regarded as axiomatic that for any 
except possibly the lightest nuclei a complex structure must be 
assumed. This being the case, it is clearly consistent to picture all 
nuclei as constituted entirely of protons and neutrons—^for it will 
always be possible to arrange for the correct nuclear charge, whilst 
still obtaining a positive binding energy for the system. 

Theoretically, the neutron-proton model has two great advan¬ 
tages in comparison with any other hypothetical scheme. In the 
first place, the number of ultimate particles in any nucleus is less 
than would be obtained on any other assumption, and, secondly, 
electrons, in particular, are not required as structural units. We 
still have to describe the process of electron emission in j8-disintegra- 
tion, but we are not continually embarrassed by the difficulties 
which, on any quantum mechanical treatment, attend every attempt 
to formulate a theory of the motion of a particle of such small mass 
as the electron in so restricted a space as the nucleus provides (see 
Basetti, Elementa of Nvdear Phyaica, 1937, p. 172). In addition, 
we escape a direct conflict with experiment, regarding the type of 
statistics applicable to certain light nuclei (see Bethe and Bacher, 
Bev. Mod. Phya., 8, 82. 1936, § 4). 

Before investigating further the properties of this nuclear ipodel, 
however, it will be interesting to consider first the concept of the 
“ fundamental ” or “ elementary ” particle (fiequently, thou^ 
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loosely, used in discussions of this kind) and to enquire under what 
circumstances, if at all, the conceptual entities proton and neutron 
may be thought of as belonging to this class. Two types of criterion 
may be suggested in pursuing this enquiry. On the one hand, we 
may approach the matter empirically and regard any particle as 
elementary concerning which there is no need to suppose that it is 
ever transformed into two or more entities of a different kind—any 
such classification, however, is continually liable to modification as 
new modes of transformation are discovered—or we may attempt 
some more formal definition. We may say, perhaps, that an 
elementary particle is one for which some particular type of wave 
equation—say Dirac’s relativistic wave equation—is valid. Which¬ 
ever definition is adopted, clearly the electron must be regarded 
as an elementary particle : at first sight, however, neither neutron 
nor proton can be accepted as elementary, on either basis. Thus, 
the fact of ft- (i.e. electron and positron) ^sintegration requires the 
transformation of neutrons and protons in complex nuclei—and the 
size of the proton, as determined in scattering experiments, is 
already so large that Dirac’s equation must be inapplicable, having 
regard to the mass of the particle (see Gamow, Structure of Atomic 
Nuclei and Nuclear TransformatioTia, 1937, p. 68). Also, the magni¬ 
tudes of the magnetic moments of proton and neutron raise similar 
difficulties (see Bethe and Bacher, ibid, § 46). Even as early as 
1932 Carlson and Oppenheimer {Phya, Rev,, 41, 763, 1932) had 
concluded that the properties of the newly discovered neutron were 
not those of an elementary particle according to our second definition. 
Having recognised these general results, the next step in any syste¬ 
matic discussion of nuclear structure is a consideration of the forces 
which operate between the various constituent particles. Because 
here we are concerned primarily with the fact that neutrons occur 
as constituent particles in positively charged nuclei, we shall limit 
our consideration almost exclusively to the nature of one of these 
forces—^that between neutron and proton. 

There are three important aspects of the question of the neutron- 
proton force which may now. be distinguished : there is the problem 
of the interaction of the free particles, determining the scattering 
of neutrons in gaseous hydrogen, there is the problem of the forma¬ 
tion, dissociation, and possible stationary states of the deuteron, 
the permanent combination of proton and neutron, and, finally, if 
current views are correct, there is the problem of ^-disintegration, 
in which we assume that the transformation of one particle into the 
other is involved. It is just because the probability of /}-disinte- 
gration does not depend markedly upon the charge or mass of the 
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/^-active nuoleua, when a giren amount of energy is available, that 
it is possible to regard this last simply as a problem in neutron- 
proton interaction. It so happens that in this case the first step 
in the discussion of the whole question has proved to be the important 
one. In 1932, within a few months of the discovery of the neutron, 
Heisenberg {Z. Phyaik, T7, 1, 1932) put forward the suggestion that 
the force between neutron and proton is an “ exchange ” force— 
a force having similar characteristics to the valency force in an 
elementary diatomic molecular ion. Forces of this type are not 
envisaged in classical theory ; in wave mechanics they arise whenever 
two particles are of such a nature and are so situated that back and 
forth exchange of charge or identity is possible between them. If, 
for example, it were possible that back and forth exchange of an 
electron could take place with a proton and a neutron in close 
proximity, an “ exchange ” force of attraction or repulsion would 
be expected to operate. There is no particular distance-dependence 
characteristic of exchange forces, but they exhibit saturation 
properties similar to the saturation of valencies in chemical binding. 
If certain exchange conditions in the neutron-proton case are so 
chosen that saturation is reached when two protons and two neutrons 
are in close association (see Majorana, Z. Phyaik, 82, 137, 1933)— 
that is when a subsidiary a-unit has been formed—a general explana¬ 
tion of a number of regularities in isotope statistics and nuclear mass 
defects is naturally obtained. Calcidations employing non-exchange 
(“ ordinary ”) forces between neutron and proton have been made 
by Wigner Rev., 43,262,1933) and by Massey and Buckingham 

(Proc. Roy. Soc,, A, IW, 281,1937), as well as by other workers. The 
possibility that calculations on such a basis may suffice to describe 
the interaction of these two particles must, of com^, be borne in 
mind in reviewing the experimental material. 

In experiments on the scattering of neutrons by protons two 
main features are important—the angular distribution of the scattered 
neutrons (or of the protons projected in the process of scattering) 
and the total cross-section per proton effective for the process. It 
is important that each of these features should be studied in its 
dependence on the energy of the incident neutrons, over a wide 
energy range, if any crucial test of alternative theories is to be made 
on the resffits of scattering experiments. Unfortunately it is not 
at present eai^ to obtain mono-kinetic neutrons except for one 
energy only (about 2-6 x 10* e.V.)—although, in the restricted 
range below 100 e.V. enei^, various more or less closely defined 
energy groups may be studied by indirect means (v. inf.). For 
neutrons of 2*6 x 10* e.V. energy the angular distribution has been 
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investigated very thoroughly by Dee and Gilbert (Proc. Roy. Soc., A, 
163, 265, 1937), using the expansion chamber. Since their results 
can be explained on the basis of a neutron-proton force of almost 
any type, so long as it is a short-range force, they add little to any 
interpretative scheme which postulates such forces. Previously 
short-range forces had generally been adopted for theoretical 
discussions, though with less justification (see Thomas, Phya. Rev., 
47, 903, 1935). Similarly, information regarding the energy 
dependence of the total cross-section for the scattering of neutrons 
by protons at first provided no straightforward differentiation 
between various types of force—although it yielded instead new 
knowledge concerning the stationary states of the deuteron. The 
large scattering cross-section for neutrons of very small energy 
could only be interpreted in terms of a (real or virtual) stationary 
state of energy very close to the dissociation energy of this nucleus. 
However, this is itself a result which any theory of the forces must 
eventually explain. Eecently, the scattering of slow neutrons has 
been investigated in liquid para-hydrogen, as well as in the high- 
temperature equilibrium mixture (“ normal ” hydrogen) (see 
Dunning, Manley, Hoge and Brickwedde, Phya. Rev., 52, 1076, 
1937). Very different molecular cross-sections have been found, 
showing opix>site types of energy dependence, for the two modifica¬ 
tions. From the numerical ^ta it has been inferred that the 
above-mentioned excited state of the deuteron is a virtual state, 
and from the general qualitative results of the experiment it has 
been concluded that the neutron-proton force is certainly dependent 
on the relative spin directions of the particles. Whilst, previously, 
this possibility had often been considered—^it was implicit in 
Heisenberg’s original theory—^this scattering experiment provides 
the first definite proof (see, however, Casimir, Phyaka, 3, 936, 1936). 

After the scattering experiments have been fully considered, 
our knowledge of the forces is very little further advanced by 
discussing experimental results concerning either the photo- 
disintegration of the deuteron or the reverse process, the radiative 
capture of neutrons by protons. Theoretically, on each set of 
results alone it should also be possible to decide between a real and 
a virtual excited state, but with less certainty than before. Again, 
if no other more cogent reasons for the assumption were forth¬ 
coming, merely from the observed angular distribution of the protons 
in the process of photo-disintegration (see Chadwick, Feather and 
Bretsoher, Proc. Roy. 8oc., A, 163, 366, 1937) we might oondude 
that the ground state of the deuteron was of zero orbital momentum 
(S state). This, of course, is the usual, and the simplest, assumption: 
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the ground state is taken as a *S state and the excited state which 
we have been considering as a *8 state of the system. 

It has already been stated that a third aspect of the question of 
the neutron-proton force is to be found in the problem of /S-disinte- 
gration. In 1934 Fermi (Z. Physik, 88, 161, 1934) developed in 
considerable detail a suggestion which in its essentials was being 
commonly discussed at that time, namely that ^-particle (negative 
electron) disintegration involves the transformation of a neutron 
into a proton within the radioactive nucleus and the emission of 
two particles, not one, from the nucleus. Emission of the second 
particle, the neutrino, was postulated so that the mechanical con¬ 
servation principles and currently accepted rules concerning the 
statistics of nuclei could be retained. Fermi’s development of this 
idea followed the general methods of radiation theory : electron 
and neutrino were supposed “ created ” in the process of emission 
much as a quantum is created in the de-excitation of an excited 
atom—and neutron and proton were regarded as different inner 
quantum states of a single heavy particle. In a sense, it will be 
observed, the way was clear for re-admitting this ideal particle into 
the category of elementary particles already discussed. Finally, 
when it was necessary to explain the phenomenon of positron 
emission, this was done merely by introducing complete symmetry 
into the theory. It was not long before it was realised that in the 
mechanism proposed for /S-disintegration the possibility of a definite 
exchange process between neutron and proton was explicitly 
admitted. The attempt was then made to unify the theories of 
the neutron-proton exchange force and of /J-disintegration. 
Numerically, this attempt encountered roost serious difficulties 
(see Nordsieok, Phys. Rev., 46, 234, 1934): the exchange force 
associated with the phenomenon of ^-disintegration (exchange of 
an electron and a neutrino) was too weak, by a factor of roughly 
10>*, to explain nuclear binding energies and scattering, so long as 
it were assumed to have the experimentally determined range of 
action. Until very recently only highly speculative suggestions 
have been made regarding means of removing this enormous dis¬ 
crepancy. However, one of these speculative suggestions, due to 
Yukawa, now bids fair to become the basis of the accepted explana¬ 
tion. In 1935 Yukawa {Proc. Phye. Math. 8oe. Japan, 17, 48,1935) 
suggested that the main interaction between proton and neutron 
is connected with the exchange (virtual emusion and re-absorption) 
of a charged particle of mass about 100 times the electron mass— 
AQd with spin quantum number which is integral, not half¬ 
integral as for other paitides concOTued. This assumption 
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regarding the spin of the particle avoided the necessity of postu¬ 
lating the exchange of two, at that time unknown, particles between 
neutron and proton. During 1937 evidence began to accumulate 
that positive and negative particles of about this mass have a 
transient existence in the penetrating cosmic radiation (see, for 
example, Street and Stevenson, Phys. Rev., 52,1003,1937 ; Williams 
and Pickup, Nature, 141, 684, 836, 1938). Naturally the result 
has been a very great renewal of interest in the problem of the 
exchange force between neutron and proton. Theoretically, several 
possibilities were open, but these have rapidly been reduced in 
comparison with the experimental material already discussed. 
Bhabha {Proc. Roy. 8oc., A, 166, 601, 1938) has shown that one 
particular variant of the theory (with a particle of unit spin) gives 
precisely the type of exchange force best suited to describe the 
scattering results, and also predicts, without further hypothesis, a 
* S specification for the ground state of the deuteron. This seems 
a very promising start for the new theory. From the experimental 
side, however, it is clear that, in the spontaneous disintegration of 
nuclei, the emission of a heavy electron (as the new particle is at 
present not very happily named) cannot possibly compete with 
ordinary ^-disintegration until the amount of intra-nuclear energy 
available is very much larger than it has ever been foimd to be. It 
is most unlikely that such an amount of energy should be available, 
except during the collision of a very energetic particle or quantum 
with a nucleus. 

Since present results appear to show that quite strong forces 
operate, within the nucleus, between pairs of neutrons (and between 
pairs of protons), it has frequently been suggested in recent months 
that a new neutral particle of intermediate mass should also be 
postulated. So far, however, this suggestion remains entirely 
speculative. 

Nvclbar Tbansfobmations FBODiroBD BY Nbutbobs 

It so happens, because of the negligible interaction between 
neutrons and electrons (see Dee, Proc. Roy. 8oc., A, 136, 727, 1932) 
and the short range of the forces between neutrons and nuclei, that, 
for a high energy neutron traversing matter, the process of absorption 
by means of a disintegration or other inelastic nuclear collision 
possesses quite a high probability (of the order of to 1), for most 
substances. This explains the relative ease with wMoh these 
processes were discovered at an early stage (see Feather, Proc. Boy. 
8oc., A, 136, 709, 1932). For most of the gases which could con¬ 
veniently be used in the expansion chamber, an appreciable fraction 



PEODUOTION AND FBOFNBTIES OF NBUTBONS 253 

of ibe heavy particle tracks obtained on irradiation with “ fast *’ 
neutrons proved to be the paired tracks of the charged products of 
disintegration. The experiments of Fermi and his colleagues (La 
Ricerca Scientifim, 6(2), 282, 1934) first showed that, when the 
enei^y of a neutron has finally been reduced to a very small (thermal) 
value in elastic collisions, it is almost certain to be captvired by an 
atomic nucleus, whatever substance it traverses. It would appear 
that, in this last phase, the only possible competition arises from the 
spontaneous /^-disintegration of the neutron (after which a proton 
remains)—the half-value period of this transformation being prob¬ 
ably of the order of a few hours. For the most part, Fermi’s experi¬ 
ments were carried out by observing the induced radioactivity of 
the species formed by neutron capture—or, occasionally, by 
observing the y-radiation emitted during the capture process. In 
order to produce beams of neutrons of thermal energies the method 
of transmission through hydrogenous organic material was emplo 3 red 
(disintegration processes do not occur with hydrogen and are rather 
infrequent with carbon nuclei, and the rough equality of the masses 
of neutron and proton ensures a large transference of energy at 
each collision between the two). This method has since become 
standard and has been very widely used. Moreover, because most 
important results have ^en obtained in these transformation 
experiments with slow neutrons, the rest of this section will be 
devoted entirely to discussing them (see Moon, Reports on Progress 
in Physics, 4, 198, 1938). 

Except with the light elements lithium, boron and nitrogen, so 
far as is at present known all transformations produced by slow 
neutron irradiation proceed by capture of the neutron and emission 
of radiation. One of the most striking and earliest recognised 
features of this phenomenon is the wide range in efficiency of capture 
exhibited by different elements. For some nuclei the cross-section 
effective for slow neutron capture is of the same order as the geo¬ 
metrical target area of the nucleus, for a few others it is about a 
thousand times as great. Moreover, no regularity of mass or charge 
is apparent by which the highly efficient or the poor absorbers 
may be grouped together. When this result was considered along 
with the fact that the oross-sections of nuclei for the scattering of 
slow neutrons show no such wide variations, being of the order 
of the geometrical cross-sections in every case (as an example of 
a recent experiment, see Goldhaber and Briggs, Proc. Roy. 8oc., 
A, 162, 127, 1937), the inadequacy of all early theories of the phe¬ 
nomenon (o/. Bethe, Phys. Rev., 47 , 747, 1036) was immediately 
evident. These theories predicted a roughly constant ratio for the 
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efficiencies of capture and scattering for all nuclei. Bohr {Nature, 
t37, 344, 1936) and Breit and Wigner {Phya. Rev., 49, 619, 1936), 
independently—and from somewhat different viewpoints, gave the 
first acceptable explanation of the experimental results. For this 
explanation attention is fixed on the complex system (nucleus + 
neutron) temporarily formed at the moment of collision—and its 
success depends essentially on the assumption that in all cases, for 
an energy quite close to the total energy of the system so formed 
(say within a few hundred electron volts—or, occasionally, when 
the capture cross-section is greatest, within a few electron volts of 
that energy), there should exist a stationary state of the system 
having a relatively long life-time (say 10~“to 10~“ sec.). Because 
with dow neutrons the system (nucleus -F neutron) must generally 
be formed with an energy of excitation of several million electron 
volts, this assumption requires that the average spacing of the 
energy levels should not greater than about 100 e.V. at this 
energy, for any moderately heavy nucleus. On Bohr’s nuclear 
model, such a requirement is naturally fulfilled. On account of 
the short range of the forces and the close packing of the ^stem, 
excess energy is almost always shared in a type of collective motion 
in which all the particles in the nucleus are involved. Except for 
small energies of excitation, then, a multiplicity of closely spaced 
energy levels must result. It was not long before there was direct 
experimental evidence for the existence of sharp energy levels of 
the type which was required (see, for example, .^aldi and Fermi, 
Phye. Rev., 50, 899, 1936). Following up certain anomalies pre¬ 
viously reported by Moon and Tillman, as also by Bjerge and 
Westcott, Amaldi and Fermi and, independently, Szilard, found 
a very pronounced selective absorption of medium-slow neutrons 
in various elements. Estimates of the peak energies and effective 
widths of the absorption bands have now been made in a number 
of oases. It may definitely be said that this particular experimental 
domain is developing precisely along the lines predicted by l^e 
theory of Bohr. 

The method of estimating slow neutron absorption energies is 
sufficiently interesting in itself to merit brief description. It 
depends upon the existence of a strongly absorbing substance Ibr 
which the absorption cross-section varies monotonically—and in a 
known maimer—^with the energy of the neutrons. For the strongly 
absorbing light elements lithium and boron (absorption in whidi 
results in disintegration, not in radiative capture of the neutrxm) 
a cross-section inversely proportional to the neutron velodty is 
generally predicted by theory. Over the lowest velocity range 
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this has also been unambiguousiy verified by direct experiment 
(Rasetti and others, Phye. Pw., 49, 104, 1030). So long as the 1/v 
law is correct, dearly the decrease in intensity of a beam of slow 
neutrons, in passing through a given absorber, should not be altered 
by any relative motion of the neutron source and the absorber. 
Within the accuracy of the experiment no alteration was found 
with an absorbing screen of boron, when an over-all difference of 
velocity with respect to the source of about 2 x 10* cm./sec. was 
employed. The enei:gies of slow neutron groups, therefore, are 
regularly determined by absorption measurements with boron, no 
serious inconsistencies having as yet been discovered in extra¬ 
polating the 1 /v absorption law as far as required. For the standard¬ 
isation of the method, knowledge of a single neutron energy is 
Uecessary ; for this purpose it is general to suppose that the neutrons 
emerging from a sufficient thickness of hydrogenous material have 
already reached thermal equilibrium with the material. Again, 
there appears to be a large volume of independent exi>erimental 
support for this supposition. 

Investigations of the y-radiations emitted when slow neutrons 
are captured are of great importance, but also of considerable 
technical difficulty. On the basis of the neutron-proton model, 
the total energy radiated is the increase in nuclear binding energy 
between one nucleus and the next; apart from theory its deter¬ 
mination makes possible an accurate estimate of the difference in 
mass between neighbouring isotopes. Already, much has been 
done in this field and a general survey made of the effective energies 
of the capture radiations for most elements. But interpretation 
is difficult because of an interesting effect. It is now clear (see, 
f(» example, Aoki, Proc. Phya. Math, Soc. Japan, 19, 799, 1937) 
that the emission of neutron-capture radiation is frequently a 
cascade process in which several quanta are successively emitted 
from a single nucleus. A further study of this phenomenon, even 
if it emphasises the difficulties in calculating mass differences from 
the data, as above suggested, will certainly also provide a large 
amount of additional information of great interest. 

Thb Maoketio Moment of the Neutbon 

Interest in the theoretical discussion of the magnetic moment 
of the neutron has recently been considerably revived by the success 
of the first direct experimental determinations of this constant. 
Even if these experiments hardly do more than provide an order 
of magnitude result, this in itself is important in the present state 
of theory. Previously, estimates of the neutron moment had been 
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baaed entirely upon the measured values of the meohanioal and 
magnetio moments of proton and deuteron—and upon assumptions 
regarding the specification of the ground state of the latter nuolens. 
If this state were assumed to be a triplet S state, and if neutron, 
as well as proton, were assigned a spin quantum number of 
then the magnetic moment of the neutron could be obtained by 
simple subtraction: ft {n) = (t (H*) — n (H*). Precisely on this 
basis a neutron moment of — 2-0 ±, 0-2 nuclear magnetons was 
generally accepted. The new experiments have confirmed this 
result as regards sign—and, numeric/ally, at least as regards order 
of magnitude (see Powers and others, Phys. Bev., 52, 38, 1937; 
Frisch, von Halban and Koch, Phys. Rev., 53, 719, 1938). 

The successful experimental method, which was first suggested 
by Bloch in 1936 {Phys. Bev., 50, 259,1936), involves the polarisation 
of a beam of slow neutrons by scattering in a ferromagnetic material. 
The extent of the polarisation (in the actual experiments of the 
order of 2 per cent.) provides an indication of the magnitude of the 
neutron moment, the sense of rotation of the jrolarisation direction 
in an auxiliary magnetic field enables the sign of the moment to 
be deduced. Because of the definite result of the experiments 
there can no longer be any question of attempts to explain existing 
data on the assumption of zero magnetic moment for the neutron. 

An interesting suggestion concerning the origin of the magnetio 
moments of neutron and proton has been worked out by Frohlich, 
Heitler and Kemmer {Proc. Boy. Soc., A, 166, 154, 1938) on the 
basis of the theory of the heavy electron, already referred to. Using 
plausible assumptions to limit the divergence of the integrals occur¬ 
ring in the calculations, values of the correct order of magnitude 
and correct sign have been obtained in each case. For these cal¬ 
culations the magnetio moment of proton or neutron is assumed 
to arise on account of the virtual emission and re-absorption of a 
heavy (positive or negative) electron from the particle in the free 
state. In its essential features this suggestion is the same as that 
put forward by Wick {Att. Acad. Imcei, 21, 170, 1935) on the 
theory of /fil-disintegration—only now the heavy electron replaces 
the electron-neutrino pair of the earlier theory. On either assump¬ 
tion, to a first approximation, the “ additional ” moments of protra 
and neutron would be expected to be equal and opposite: “ in¬ 
trinsic ” moments would be one nuclear magneton and zero, respec¬ 
tively. It is generally favourable to these suggestions that the 
difference in the absolute values of the magnetio moments of the 
two particles is, in fact, not very different from one nuclear magnet<m> 



THE IDENTIFICATION AND 
CORRELATION OF COAL SEAMS 

By a. E. TRUEMAN, D.8o., F.O.8. 

PmfeMtor o/ Oeclogy in the Uni/vertUif of OUugow 

The rooks known as the Coal Measures consist chiefly of clays, 
shales and mudstones, often grey in colour ; associated with them 
are coarser deposits, including be^ of sandstone sometimes hundreds 
of feet in thickness. In some areas in Britain the total thickness 
of the Coal Measures exceeds 8000 feet; of this thickness the coal 
seams form a very small proportion, and as only certain seams 
are economically workable the search for a particular coal in a great 
mass of rather monotonous sediments calls for the most accurate 
information regarding both the succession of rocks and the peculiar* 
ities of individual seams. 

These difiiculties are most serious in the early development of 
a coalfield or of an unexplored part of a coalfield, and in other 
weas where the strata are highly disturbed, as for instance, by 
faults. In the former case, the sinking of a pit or a trial boring 
reveals the succession of strata beneath, and it may show the 
presence of various coals at different depths; the identity of the 
coals may be easUy determined if one has some peculiarity such as 
unusual thickness. But it is possible that sinking for a thousand 
feet will yield evidence only of thin seams of similar appearance, 
and from the evidence available it may be uncertain whether the 
seams sotight me to be found at greater depths or whether they 
are represented in the area by thin and unworkable seams, so that 
further exploration is useless. 

In the ease of areas where the rooks are highly disturbed, the 
difficulty of identification of seams may be much increased and 
may fi^ve rise to problems of great urgency on many occasions 
during the working of a single colliery. For in such a case, the 
coal may be worked up to a fault, so that the seam terminates 
abruptly along a given line. The driving of galleries in different 
directions in rook beyond the fault may reveal worthless coals 
(as at X in Fig. 1) but not tke seam which has been lost; if the 
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position of the worthless ooal in the sequence is known, so thftt tl»s 
position of the worked ooal can be estimated, the problem of eocmomic 
mining is greatiy simplified. In the absence of any criteria for 
distinguishing the seams, however, much exploration has frequently 
been necesssuy to decide whether the workable ooal can be profitably 
looked for in the region beyond the fault; if the fault is of great 
throw the coal may be too deep for mining from the existing shaft. 
The structure illustrated in Fig. 1 of course suggests a very simple 
problem, but it must be remembered that the mining engineer may 



not have sufficient evidence to draw a similar section until the 
mine is fully developed. 

Problems of this oharsKiter have been faced by mining engineers 
since the earliest days of coal mining; in some oases getfio^Ms 
have been able to collaborate, and riie officers of the Qeokigioel 
Survey in particular have devoted great attention to the interpre¬ 
tation of the structures of most of the coalfields and to the nature 
of the faults affecting them. The identification and oorrdation of 
seams, however, have presented peculiar difficulties, and for tamy 
years the data available for accurate work on the Cioal Measnles 
has been less satisfactory than that provided for workers on the 
Chalk, the Jurassic and the Lower Palasonoio rocks, which in 
economic importance cannot be compared with the Coal Mmsusm. 
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These diffioolties in the correlation of the Coal Measures have 
arisen mainly from the nr<tnre of the sediments and the fossUs 
found in them. For as has already been suggested, the sediments 
are on the whole of uniform character, showing a fairly regular 
rhythmic succession of coal, shale or mudstone, sandstone and fire¬ 
clay ; the recognition of even the general position in the sequence 
is often impossible by a consideration of the rocks alone. 

The utilisation of the fossils found in the Coal Measures has 
presented difficulties for many years, and while other rock groups 
possessing a similar uniformity of lithological types (such as the 
Chalk and the Carboniferous Limestone) have been divided into 
zones by means of their fossils, the zoning of the Coal Measures 
has only been accomplished within quite recent years. The mining 
engineer has thus been compelled to rely mainly on other criteria, 
such as the thickness and character of seams and associated 
sediments. 

The nature of this evidence may most usefully be discussed 
first. 


Thioknbssks and Ckabaotbb of Assooiatbd Strata 

The irregular distribution of the coal seams within a great 
thickness of other sediments often makes it possible to compare 
sections of the Coal Measures in adjoining areas and to make corre¬ 
lation of some of the individual seams. This is usually done by 
drawing to the same scale sections showing the sequence proved 
in neighbouring collieries or boreholes: by matching the thick 
seams, or similar groups of two or three closely placed seams, it is 
often possible to demonstrate the similarity of the distribution of 
the coals so that correlation of the two areas can be made (Fig. 2). 

This method is greatly extended by introducing into the sections 
some details concerning the rooks other than the coals : the presence 
of thick beds of sandstone at corresponding positions helps to 
confirm conclusions already formed, while the occurrence of bands 
of peculiar lithology, such as white quartzites, red shales, conglom¬ 
erates or thin beds of limestone, BuppUes even more valuable 
infonnatjon. In some oases the positions of the fireclays are of 
great assistance in correlation. This results from the fact that 
fiiedays generally represent the “seat-earths” or fossil soils on 
whidh the coal-forming vegetation grew; most fireclays are suc¬ 
ceeded by a coal seam, though possibly of insignificant thickness. 
Since many seams vary greatly in thickness, the absence of any 
record of a coal at a particular levd is not so significant if a fireday 
is obsmved there. In some oontinsntal countries (c.g. Belgium) the 
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positions of fireclays are regarded as of great importance in com¬ 
paring sections of adjoining areas. This method depends on the 
fact that the formation of the Coal Measures was marked by rhythmic 
changes in depth of water and other conditions, affecting consider¬ 
able areas simultaneously ; a coal seam presumably marks a period 
(perhaps a very long period) when the water was exceedingly shallow 
and plant growth was extensive, while the succeeding strata must 

Amman&rcl Qarnant 
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mark a subsidence causing a deepening of the water. These changes 
often affected wide areas and thus the corresponding rooks can be 
correlated. 

But while comparisons can be made in these ways between 
neighbouring areas, each step in the correlation may be open to 
some doubt, and correlations extended for great distances on this 
basis cannot be regarded as other than provisional. Yet this method 
has been used with conspicuous success, as by the officers of the 
Geological Survey in their work in South Wales, where a general 
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oonelation, made over many hundreds of square miles, has only 
been modified in detail since other information has been available. 
Using such criteria also Professor G. Hickling made a correlation 
of the Lancashire coalfield ; Dr. D. A. Wray achieved results of 
even wider application, with some assistance from palaeontological 
data, in making a correlation of the coalfields of Yorkshire, Lan¬ 
cashire and North Staffordshire. 

It is clear, however, that comparisons of this type can only be 
made where an accurate section of a considerable thickness of the 
strata at any locality is available : if only a portion of the section 
is known the problem is naturally more difficult, and while many 
engineers and miners become so familiar with the characters of 
individual coal seams and the strata immediately in contact with 
them that they can recognise them at places some distance away, 
the lateral variation in these characters often makes identification 
impossible. 


The Fossils of the Coal Measures 

Some of the fossUs of the Coal Measures are familiar objects, 
which are extremely abundant in many localities. They have been 
freely collected and illustrated, and it is surprising that their utili¬ 
sation in zoning was so long delayed. This delay was partly due 
to the belief that the various species characteristic of the Coal 
Measures have long vertical ranges, and that since they extend 
through very great thicknesses of strata they cannot be employed 
in the recognition of separate subdivisions of the formation. This 
belief has been shown to be partly erroneous : certain s{)ecies are 
now known to extend through a comparatively small thickness of 
rocks, and while some species (and in some cases, the commonest 
species) have more extended ranges, the fossils are of much more 
value in oorrelation than was once supposed. 

The Coal Measures yield great numbers of fossil animals as well 
as the more familiar plants. The vertebrates are rarely of use in 
oorrelation, although occasionally a band rich in fish remains forms 
a distinctive and well-marked horizon traceable over a wide area. 
By far the most useful fossil animals are the *' mussels,” lamelli- 
branohs which are believed to represent fresh-water (or, more 
cautiously, non-marine) conditions, since they are never found in 
the same beds as the known marine faunas. The marine faunas 
occur only in thin bands, separated by great thicknesses from which 
marine fossils are absent, and it appears that the majority of the 
Coal Measure sediments were deposited in fresh water (or at least 
under non-marine oonditions), the marine bands representing wide- 
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spread but quite temporary incursions of sea water into the 
lagoons. 

In the detailed correlation of Coal Measures the importance of 
the marine bands was recognised at an early date, but it wiU be 
more convenient to deal first with the fresh-water fauna. 

The Non-Mabihe Lamellibbanohs 
The most abundant non-marine shells are named Oarbonicola 
(Fig. 3 c, ft); they closely resemble the modem fresh-water mussel, 
Unio. They give rise in some places to conspicuous “ mussel- 



(e) 


Fio. 8,—Non-miurine shelUi from Coal Itfoamires. 

(a), (ft) Carb<mi£ola ((a), 0* tUra, Trueman; (b) C. btUa, Davlee and Trueman] 

(c) Anthraccmtfa [A. roberiMni, Brown]; 

(d) AtUhratmavia [A, UnuU, Bavioa and Truemaul; 

(<i) Naiaditet [N. iriarHfuktritt J. de C. How] 

All approximately natural itlxe. 




bands ” several feet in thickness, but elsewhere they occur more 
sporadically in the shales or mudstones, being especially common 
within a s^rt distance above many seams. Three other genera of 
non-marine shells have also been named, viz. AniMacomya, AnAra- 
comvta and Naiadiies, the latter having a oonriderable obliquity 
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of shell and a reduced anterior end, as in the modem MytUus, to 
which it is regarded as related (Fig. 3 e). These shells are repre¬ 
sented by a good number of species, many of which were named 
almost a century ago. That they have b^n comparatively little 
used in the study of Coal Measure correlation is at first surprising, 
but it has long been supposed that fresh-water shells from the 
nature of their habitat would be likely to show extreme variation 
and adaptation to the differing conditions in different parts of the 
Coal Measure lagoons: accordingly, the reliability of conclusionB 
baaed on such organisms has been regarded as open to question. 

Any casual examination of the shells from within an area of 
a few square yards of a single bed in the Coal Measures shows the 
extreme variability of these forms : careful collections statistically 
examined have shown that in many oases such a small area will 
yield examples of a homogeneous community in which there is an 
extraordinary range of variation between the extreme members, 
but in which intermediate forms link the whole together. Thus 
specimens which are so different as to appear to be members of 
different species are connected by innumerable transitional stages. 
At a higher or lower horizon some similar forms may be recognised, 
similarly linked with a wide range of variants, but these may not 
include ail the forms seen at the previous horizon, while possibly 
including others not represented there. 

According to the Linnean system of nomenclature, each such 
homogeneous community sliould doubtless be regarded as a 
“ species ” ; but these sh^s raise difficult problems of nomenclature, 
for the palaeontologist who refers the first group to a given species 
must either refer the second to the same species (on the ground that 
a proportion of the forms are indistinguishable), in which case his 
“ species ” will be valueless as criteria for separating these horizons, 
or he must find some method of giving different names to distinct 
forms. Probably the nomenclatorial difficulties have been respon¬ 
sible, more than anything else, for the delay in using these shells ; 
the problem even now is far from solution, and only a working 
basis of nomenclature has been adopted. 

Quite apart from any names given to the various forms of fresh¬ 
water shells, however, it is apparent alter a very little experience 
that in some areas the roofs of many seams contain faunas which 
are sufficiently distinct to be characteristic of those particular 
horizons. Many years ago the late Dr. Wheelton Hind and Mr. 
J. T. Stobbs showed that many of the coals in the North Stafford¬ 
shire coalfield could be identified by means of the faunas occurring 
in the beds immediately above them. Little was done to extend 
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this work for some years, but in 1923 similar studies were made 
in the South Wales coalfield. Throughout the anthracite area, 
extending for many miles along the northern part of the coalfield 
from the Vale of Neath into Pembrokeshire, it was found that 
almost every seam could at once be recognised by means of these 
faunas ; in several cases the shells above a seam were so distinctive 
that one or two specimens were sufficient to enable the identity 
of a seam to be determined at places fifty miles or more apart, but 
in other cases more careful study was needed. Correlation proved 
easiest along the belt named, on the northern border of the coalfield, 
which represented a tract extending roughly parallel with the 
original land margin near which the strata were deposited; corre¬ 
lation with less distant areas lying to the south proved more difficult, 
for some of the faunas (which presumably lived under somewhat 
different conditions farther from the shore) included representatives 
of different species. 

This use of the shells for the identification of individual seams 
has been extended to other coalfields with varying success, as might 
be expected from the facts outlined above. The method has proved 
of most value in South Wales, where, especially in the anthracite 
area, the strata are often very complicated in structure and where 
the seams are broken by great numbers of faults. The shells have 
thus yielded information of great economic value in the working 
of collieries even where the sequence of strata is already well known. 
Previous errors in the correlation of coals (which have led to mis¬ 
takes in the naming of seams worked) have been rectified and in 
some cases this has made it possible to locate seams previously 
overlooked owing to the wrong identifications. 

But while the shells have thus proved of importance in this 
detailed work in comparatively small areas, they have also provided 
a basis for much broader recognition of horizons over very wide 
areas. Wheelton Hind early in the present century suggested a 
broad scheme of zones for the Coal Measures of Staffordshire, but 
his work did not receive the recognition it deserved. Not until 1927 
was a further step made in the use of these shells in zoning the 
British Coal Measures.^ This further work was carried out in ^uth 
Wales, a particularly fortunate region since almost the whole thick¬ 
ness of the Coal Measures is there represented by foasiliferous strata. 

*J. H. Davies and A. E. Trueman, “A Revision of the Non-Marine 
Lamellibranohs of the Coal Measures, etc.,” Q.J.aJ3., LXXXIII, p. 210; 
references to most other papers mentioned will be found in the following 
paper : Trueman, “ A Suggested Correlation of the Coal Measures of Finland 
and Wales,” Proc. 8. Wales Inst. Eng., XLIX, 1088, p. 68. 
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The Coal Heasores were divided into six zones, as follows: 

Zone of ArUhracotMtiia tenuis ; 

„ ,, Anthraconauta phiUipsi ; 

„ „ Anthracomya pvichra ; 

,, „ Carbonicoia similis ; 

„ „ Anthracomya modiolaris ; 

„ „ Carbonicoia ovaiis. 

These zones proved to be recognisable in all the coalfields of 
England and more recently, Scotland,^ save that in some areas it 
was found impracticable to divide the strata represented by the 
zones of Carbonicoia similis and Anthracomya pulchra, to which the 
name Similis-Pulchra Zone is now given ; it was also found desirable 
to add a further zone (of Anthracomya lenmUcata) below the Ovaiis 
Zone. 

The broad vertical distribution of the fresh-water faunas which 
makes this zonal division possible depends mainly on a wholesale 
replacement of one fauna by another at certain stages in the Car¬ 
boniferous. Thus both Carbonicoia and Naiadites disappeared by 
the end of the time represented by the Pulchra Zone, after which 
AnfftraconatUa was dominant. These rather sudden changes of 
fauna were perhaps assisted by the changes in conditions during 
the deposition of the Coal Measures, for after the formation of each 
widespread coal seam (in conditions in wliich the fresh-water shells 
oould not exist in the area) there was an opportunity for the entry 
of a new fauna ; the formation of a marine band similarly involved 
the disappearance of the fresh-water faima from a very wide area, 
and it is significant that the biggest change in the fresh-water 
faunas, at the top of the Similis-Pulchra Zone, follows an important 
aeries of marine bands. 

Not only eue the zones of non-marine shells recognisable in 
different parts of Britain, but substantially the same sequence can 
be traced in the Continental coalfields firom France and Belgium 
to the Donetz basin. 


Thb Marine Fattnas 

The fossils found in the marine bands of the Coal Measures are 
chiefly of tjrpes peculiar to muddy water. Lingula, Pecten-hke 
lameUibranchs and goniatites, but in some areas corals and crinoids 
occur. Many of the species represented appear to recur in successive 

* J. Weir and D. Leitoh, “ The Zonal Distribution of the Non-Marine 
Lanaellibranohs in the Coal Measurea of Scotland,” Trans. Soy. 8oe, Edin., 

LVm, p. 697 . 
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marine horizons and apparently represent ” long-ranged ” forms, 
but a few are more restricted, and in some cases it is possible to 
identify a marine band as marking a particular horizon from the 
fossils found in it. 

It was in the North Staffordshire area again that serious attention 
was first devoted to the marine bands in the Coal Measures, and 
Mr. J. T. Stobbs showed that they could be of great service in the 
correlation of sequences in various areas. 

A marine band is chiefly of importance as affording a datum 
plane within the strata. For a marine band marks a single and 
widespread incursion of the sea, and coals formed before that 
incursion will always be found below the marine band; while those 
formed subsequently will always be above it. Since marine bands 
are comparatively few in number, it is often (though not always) 
possible to correlate the marine bands in two sections, and this 
carries the investigator some distance in correlating the coal seams ; 
at least it prevents many incorrect correlations. 

The use of marine bands has perhaps proved of greatest import¬ 
ance in the concealed part of the Yorkshire-Nottinghamshire coal¬ 
field, where boreholes and pits are sunk to the Coal Measures through 
a cover ” of Permian and Trias. The sections of Coal Measures 
revealed have been correlated most effectively when the position 
of a conspicuous marine band, the Mansfield Marine Band, has been 
determined, the seams sought occurring at distances below this 
which can be estimated fairly closely. This marine band occurs 
in the upper part of the Similis-Pulchra Zone (of the fresh-water 
sequence) and in oases of doubt its position has lately been checked 
by the non-marine shells occurring above and below it. 

It is remarkable that a marine band with a similar rich fauna 
occurs in a corresponding position in the Coal Measures of South 
Wales, North Staffordshire, Lancashire, Scotland and many con¬ 
tinental coalfields: apparently a marine incursion affected simul¬ 
taneously wide areas of western Europe. 

The Fossil Plants 

Fossil plants are often found in great abundance above coal 
seams, and where shells are rare, plants afford useful information 
regarding the horizon. Occasionally they supply evidence which is 
of value in identifying individual horizons within a small area. In 
some cases the proportions of the different groups of plants found 
in the roof of a coal seam remain fairly constant over a considerable 
area, while differing markedly from those found over the seams 
above and below. The late David Davies investigated in very great 
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detail the idative abundance of the various plant groups at single 
horizons in South Wales, recording for the purpose hundreds of 
thousands of specimens collected above a particular seam at different 
places. While in certain cases the general proportions of the various 
plants is itself sufficient to identify the horizon, in the case of some 
of the higher seams in Somerset this method has so far yielded no 
useful results. 

Plants have more recently been used for the broader division 
of the Coal Measures into zones comparable with the zones based 
on the non-marine shells. For many years their value for this 
purpose has been maintained and the late Dr. R. Kidston proposed 
four major divisions of the Coal MeMures on the basis of the fossil 
plants. Since these divisions were several thousands of feet thick, 
however, and since their boundaries were very indefinite, they were 
never of much use for economic work. More recently, following 
the lines of palesobotanical work on the Continent, Dr. E. Dix has 
divided the Coal Measiues into nine floral zones. The various 
species of fossil plants used in the recognition of these zones include 
many ferns and other plants with fern-like leaves ; some of these 
are not always common, and in general it may be said that many 
of the most abundant plants (the giant horse-tails and club mosses, 
for example) are of little value in the zoning of these strata, for they 
usually have long vertical ranges. Both among fossil plants and 
fossil animals, the commonest forms are rarely the most useful in 
zonal correlation. 

The Sfobb Content of the Coals 

Two other lines of attack, chiefly on the problem of identifica¬ 
tion of coal seams, have been developed in the last few years. Both 
are essentially palseobotanical, but instead of dealing with the fossil 
plants occurring in the rocks associated with the seams, they depend 
on the distribution of different types of spores (produced by some 
of the different species of plants utilised in the method just noticed) 
within the coals themselves. 

In the first place, an examination has been made of the mega¬ 
spores found in certain coals. These may be studied in thin sections 
of the coals, when different types can be recognised by peculiarities 
in size, thickness of wall and ornamentation. The method has been 
used in Pennsylvania and in Upper Silesia, and in England (par¬ 
ticularly in Yorkshire).^ In the case of certain seams in Yorksliire 

*■ D. A. Wray, L. Slater and Q. £). Eddy, “ The Correlation of the Arley 
Mine of Lancashire, eto.," Summ. Progrett Qeol. Survey for 1930 (IQSl), 
Part II, p. 1: other references are givrai in this paper. 
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and Lancashire where there was some doubt as to the correlation, 
a series of thin slices was made from each seam, to give a complete 
section from top to bottom of the coal. The types and relative 
abundance of the megaspores in each portion throughout this 
thickness of coal were ascertained, and it was found that there 
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Fio. 5.—Graphs showing the proportions of different types of ndcrospores in 
th^ Northumberland coal seams. 

(A/ldf Dr. A. Balstriok) 


was a much closer similarity in the spore content and distribution 
between the Arley Mine of Lancashire and the Better Bed of York* 
shire than between the former and the Silkstone of Yorkshire, 
which had been formerly supposed to be equivalent. 

This is a long and laborious process, but it is likely to yield very 
important results within areas which are not too extensive. 

The second method depends on the study of the microspores 
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of coals, and it represents a development initiated by Dr. A. 
Kaistrick.^ The various types of microspore are not conveniently 
studied in thin section, and Dr. Raistrick’s method consists of 
isolating them by treating a crushed sample of the coal with Schultz 
solution (strong nitric acid with potassium chlorate). The spores 
are then mounted and examined under a high power of the micro¬ 
scope. At one stage in his investigations Raistrick treated separ¬ 
ately each one inch of the coal throughout the thickness of the 
seam, but later he found that in many cases it is suliicient to grind 
together a representative sample of all parts of a seam, from top 
to bottom. 

Few of the various types of microspore have yet been referred 
to the species of plant from which they were derived, but using a 
provisional system of identification the proportion of the different 
types in each seam is recorded graphically, as shown in Fig. 6; 
in Northumberland the graphs for corresponding seams show 
remarkable constancy, while differing markedly from other seams 
occurring in the same area. 

This method of studying the microspore content is receiving 
considerable attention, and although it involves a difficult technique 
it represents a great development in the accurate identification of 
coal seams. 


Conclusion 

The great progress which haa been made in the study of coals 
and of the factors which may lead to their correlation and identi¬ 
fication during the past decade is an indication of the enthusiasm 
with which new methods have been developed and applied by many 
groups of workers, and especially by the officers of the Geological 
Survey and the Fuel Rei^arch Board. In this work, also, the 
colliery owners and officials have taken a keen interest. While 
the problems of coal correlation are by no means solved, the various 
methods now available make it possible to meet many difficulties 
which arise in coalfield exploration, although no single method is 
universally applicable. 

^ A. Raistrick and J. Simpson, “ The Microspores of some Northumber¬ 
land Coals, etc.,*’ Tram. Imi. Min. Bng., LXXXV, 1933, p. 226 ; also OhW.. 
LXXXVm, p. 142. 



THE APPROACH TO THE THEORY OF 
OPTICAL INSTRUMENTS 

By L. C. MABTIN, D.I.C., A.R.C.8.. D.8o. 

AtaUUmi JPn^wor of T«cknicai OpUcn in the Imperial CoUege of Srienee and TecknUoffy 

The subject of Geometrical Optics is naturally not amongst those 
in which indefinitely great progress is to be expected; but even 
in this field there are many -problems yet unsolved. Tlie theory 
of optics can be approached and developed in a variety of ways, 
and it is no waste of time to give some consideration to the manner 
in which a subject, confusing and imsatisfactory unless dealt with 
in a proper manner, should be introduced to the Iwgiuner, whether in 
school or University. With this aim in mind the Physical Society 
produced in 1934 a “ Report on the Teaching of Geometrical Optics." 
The main aim of this document is to unify, at least in part, the 
many conflicting sign conventions now in use. A review ' of text¬ 
books on “ Light ’’ appearing since that time shows that the recom¬ 
mendations of the Report have been considered and acted upon in 
many cases. 

The wider question of the philosophical presentation of the 
subject was a matter treated very briefly in the recommendations 
of the report, and then only in relation to the very early stages. 
But papers on various aspects of opticad theory continue to be 
published by workers such as T. Smith, M. Herzberger and others ; 
the net effect being to enlarge knowledge of the fundamental 
relations implicit in the more familiar optical equations, and to 
give, as it were, a better perspective of the paths along which the 
approach may be made. 

We will therefore first survey broadly the vcurious systems 
which have been used for developing the theory of instruments, 
and then attempt to draw some conclusions as to the best presenta¬ 
tion of the subject under certain conditions. 

The most familiar of the general conceptions is that of the 
“ coUinear " relationship between the object and image spaces of 
an ideal “instrument." In such a relationship, the pointe, lines, 

* Nature, 141, 136, 1938. 
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»nd planes of the object-space have uniquely corresponding points, 
lines, and planes of the image-space, and the properties of the 
“ instrument ’* can be described in terms of the relative positions 
of such conjugate planes as show magnification ratios of zero, 
unity, infinity, and so on. Although the whole idea of ooUinearity 
is piirely geometrical, and quite independent of optical experiments, 
it can be connected with real optics in two ways. Firstly, if atten¬ 
tion is restricted to the images and rays within a thin imaginary 
tube stretched along the axis of any axially symmetrical system 
of lenses (the paraxial region), we find relationships which approxi¬ 
mate more closely to collinearity the smaller the bore of the tube ; 
secondly, we find that any real instrument, to be at ail useAd, 
muM make a further approach to collinearity in some respects at 
least, and thus its aberrations can be measured geometrically in 
terms of the departures from this ideal. 

Even if the law of refraction had never been discovered it would 
have been simple, after establishing the collinear relationship by 
experiment, to justify the familiar conjugate distance relations, 
such as 


where I and V are the conjugate distances of object and image 
planes measured from the principal or unit planes, and / and f 
ate the focal lengths of object- and image-spaces ; also the “ New¬ 
tonian relation ” 


XX 




where the conjugate distances x, x' are now measured from the 
principal focal planes; and the Abbe magnification relations 


h' _ * ’ * 

A “ F " 7 


which give the ratio between the perpendicular distances, h and h' 
of object- and image-points respectively, from the axis. 

We get thus a valuable working conception of the action of 
an optical instrument, misleading in some ways but helpful in 
others. The scheme has admittedly all the defects of a model; 
alter the first conception has been obtained we can get little further 
with it. However, the systematisation thus rendered possible by 
the work of Gauss, MObius, Maxwell, Abbe, and others is clearly 
of the greatest importance in the development of the subject, and 
cannot be lightly set aside. Many teachers prefer to introduce the 
ideas of ooUinearity by analytical equations such as used by Dmde. 

The equations mentioned above can, of course, be deduced by 
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using the law of refraction and applying it to an instrument com¬ 
posed of coaxial spherical refracting surfaces; but the discussion 
usually involves an early approximation by restriction to paraxial 
conditions, thus really introducing the colhnear case and masking 
any generality which the expressions may possess. Qaoss thus 
derived, however, the general form of equation in which the related 
conjugate distances are measured from the surfaces of the instrument. 

From this point, if progress in optics is to be obtained the 
most usual course is to abandon the model, go back to the detailed 
study of the actual system of spherical refracting surfaces, and 
study its aberrations either in piecemeal manner, or in accordance 
with some more or less comprehensive treatment such as that of 
von Seidel. For example, the consideration of spherical aberration 
of the image of an axial object point shows that the axial crossing 
point of rays from a circular zone, of radius y, of the last surface 
is separated from the common crossing-point of the paraxial rays 
by an interval A where 

A = ay* 4- by* -f cy* -f etc. 

Other aberrations can be also expressed by series of similar 
character. It is possible to derive algebraical expressions for the 
coefficients a, b, c, etc., in such series, involving the radii and separa¬ 
tions of the stirfaoes, the refractive indices of the media and so 
on, but whereas the expression for a may be fairly simple, that 
for b may be vastly more complex, and c almost beyond patience. 
In many practical cases, however, the expressions prove to be so 
rapidly convergent that even the first term may give a reliable 
indication of the defect. We thus obtain the so-called “ primary ” 
aberrations. 

Results of this kind are often of little value for dealing with 
optical systems of large aperture which also transmit rays at large 
angles with the axis. Hence the design of these lenses receives 
but little aid from such analytical studies, and is still largdy 
empirical. 

The above rough sketch may serve to represent the way in 
which the major part of optical knowledge has developed, but it 
has often been felt that the theory of coUinearity has inhibited 
a more natural and practical approach to the subject. The ophthal¬ 
mologist in particular has to pay especial attention to the refraction 
of narrow pencils of rays, such as may enter the eye through a 
spectacle lens, and he early learns of the differing relations govern¬ 
ing the refraction of narrow fans of rays lying in a plane oontaining 
the normal to a refracting surface at the pmnt of incidence of the 
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middle ray (tangential raya) as against rays (in the same pencil) 
of which the initial tracks lie in a plane perpendicular to the one 
above>mentioned (sagittal rays). 

The law of refraction allows us to obtain, without difficulty, 
relations governing the distances of conjugate points measured 
along the rays ; these relations are still subject to the restriction 
of applying only to very narrow “ fans ” of rays, but they hold for 
refraction at any angle. They are (for a single surface): 

u'cost' ucoai ucosi' — ucoai , , 

-—p- ' -= - - - (tangential rays) 

it T 

a' a u' cos— M cos i , .... . 

— c = c--—c-(sagittal rays) 

Note that the accent distinguishes quantities of the image-space 
from those of the object-space ; t and a are conjugate distances in 
the tangential and sagittal cases respectively; is the refractive 
index of the medium ; t is the angle of incidence of the principal 
ray of the bundle; r is the radius of curvature. 

GuUstrand, a Swedish ophthalmologist, showed how to discuss ^ 
the image formation around such a bundle of rays after passage 
through any number of spherical refracting surfaces. The principal 
ray of the bundle must lie in a plane containing the axis of sym¬ 
metry. His “ object-size ” is the perpendicular distance of the 
“ object-point ” from a closely neighbouring principal ray; the 
“ image-size ” is the distance of the point of re-union of the rays 
from the refracted path of the neighbouring ray. It can be shown 
in a straightforward way that the image formation can again be 
conveniently described in terms of conjugate distances measured 
from special points for which the magnification is zero, unity, and 
infinity (compare the principal foci and the principal points), al¬ 
though in general these points differ in the tangential and sagittal 
cases. Equations of the form quoted above as characteristic of 
the paraxial case are now found to apply in this wider sense, and 
the paraxial equations are seen to relate merely to the particular 
case in which the sagittal and tangential forms coincide (» = i' =0). 
We thus avoid the notion that these characteristic equations are 
in any sense bound up with collinearity. 

This approach provides a means whereby the excessive restric¬ 
tion of the earlier treatments is avoided, and the theory can be 
given a start along lines which are admirably suited to some investi¬ 
gations. GuUstrand continues his discussion by treating the ray 

* See Appendix to the third edition of Helmholtz’s Phyaiological Optica ; 
Slnglish tiwiBlation; published by the Optical Society of America. 
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distribution around tho principal ray of the bundle when the strict 
limitation of angular divergence of the rays is relaxed. He casts 
on one side, a little contemptuously, the notion of collinearity, 
which, as he truly remarks, only emerges from an accumulation 
of mathematical singularities in the construction of an instrument. 
But, however elegant a discussion of this kind, it is difficult to see 
how a beginner could grasp, by means of it, a clear conception of 
the general action of an optical system. 

There is, moreover, no specific need to write even the more 
general conjugate distance equations in a form connecting distances 
measured from unit points or principal foci. Just as Gauss obtained 
a relation between axial conjugate distances measured from the 
surfaces of a system, T. Smith showed in the appendix to the 
Report referred to above, that relations of tho Gaussian type 

S s’ .s' s . J . 

o —\ *“ C“ “i" a — 0 

n n n IX 

connect conjugate distances, s and s', measured from the surfaces 
along obliquely refracted rays, where tho constants o, b, c, d, are 
analagous to those of the Gaussian memoir. Smith claims further 
that “the custom of referring properties to the unit surfaces 
involves in particular examples a certain amount of needless 
and useless numerical calculation.” 

No survey of the possible methods of approach to the theory 
of optical instruments can afford to omit some mention of yet 
another means by which an idea of certain essentials in the mode 
of action of an optical instrument can be obtained without a com¬ 
plete discussion of the details of the construction. A slight sketch 
of this important subject may interest some readers, as it is not 
nearly so well known as the “ collinear ” system. The principle of 
stationary optical path (Fermat’s theorem) usually stated in the 
form 



tells us that if we calculate the time taken ^ for a disturbance to 
travel along a ray track from a point A to another point B and 
compare with it the time which would be taken along a neighbouring 
continuous path between A and B everywhere close to the first 
both in direction and position, the time along the true ray-track 
will be found to be a maximum, minimum or stationary. 

It is not difficult to see that if a continuous series of true ray- 

1 Strictly speaking, we are concerned with the phase velocity, and not 
the time taken by a group of waves. 
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patha joins two points B and B' the optical path along each ray- 
track will be the same ; thin equality can be secured by a suitable 
optical instrument; then the point B' is the physical image of B. 
Such a constancy of optical path will, however, be exceptional, 
and more usually only one ray passing through a point a;, y, z, of 
the object-space will psiss through a single point x\ y\ z\ of the 
image-space of the instrument. A bundle of rays can be defined 
by its origin from one point ojo, yo, sjo, and loci at the same optical 
distance from this one point will define the wave-surfaces to which 
the rays are normals. Thus in the object-space we may have a 
wave-surface given by 

—fi(x, y, = 1 jiuls — const., 

j iC*. V; *• 

where /i is the refractive index at any point, and ds is the element 
of path length ; and also in the image-space a wave-surface given by 

rx*, y\ z' 

F, y\ 2 ') = /(Cfe = const. 

Then the difference 

F - F, -- 


is clearly the optical-path length between wave-surfaix^s passing 
through Xy y, 2 , and x\ y\ 2 '. This optical-path difference is a 
form of the Characteristic function discussed from 1828 onwards 
by Sir W. R. Hamilton. The publication (1930) of Hamilton’s 
collected papers on optics has introduced his work to a wider circle 
of readers. If the equation to a surface is known it is an elementary 
theorem in analytical solid geometry to find the direction of the 
rays in terms of their direction cosines,” T, m\ n *; thus in our case 


aF, 

dx* 



etc., 


and similarly for the object-space 

dx 


j--ia .to. 


Similar equations hold if x, y, z, is the point of origin from which 
the rays diverge ; thus for every point in the image-space we can, 
by differentiation of the appropriate function (if it be known), find 
the directions of the rays. 

Of course, it is easy to grasp the general meaning of the char¬ 
acteristic function, but difficulties appear when we essay to obtain 
a treatment of the behaviour or aberrations of an optical system, 
either in terms of the departures of the rays from a certain image 
point in a certain plane, or in terms of the optical-path differences 



SCIBKOS FBOORESS 


276 

of disturbancee which can be considered (thinking in terms of 
Huygens’s principle) to arrive in such a point. In order to obtain 
a bettor weapon to deal with ray-aberrations, Bruns,^ working 
independently and in ignorance of Hamilton’s work, developed the 
theory of the “ Eikonal.” Although Hamilton had already dealt 
with this function, the name given by Bruns is usually retained. 
It is again an optical-path length obtained as follows. Consider 
fixed origins O and 0' in object- and image-space respectively; 
from these origins we drop perpendiculars to the sections of one 
ray in the object- and image-spaces, the feet of the perpendiculars 
on the ray being P and P'. 

The “ eikonal ” is then, the optical-path length between the 
points P and P'. (See Fig. 1, which illustrates the case in which 
the object- and image-spaces have a common axis.) 



It is fairly clear that this optical-path length (W) is a function 
of the directions of the rays in object- and image-spaces and we 
may thus write 

W -/(I, m, V, m% 

since n* = 1 — (Z* -f m*), and a similar relation holds for n', so 
that we need not put n and n' into the above expression. The 
direction cosines relate of course to arbitrary co-ordinate axes with 
origins at O and 0' in object- and image-spaces, and it can easily 
be shown that if we know the fimction W, we can get the pointe 
(a:, y), and (*', y') in which any ray of the system intersects the 
respective planes a = 0 and a' = 0 from the relations 



m 

dV 




and so on. It will be appreciated that a function of this kind 
will lend itself more really to the discussion of geometrical 
aberrations. 

We shall, in cases of practical interest, usually be dealing with 
axially symmetrical systems, and the axis of symmetry can be 
* Leipx. 21, 323-486, 1896. 
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taken as the “ z axis.” The x and y axes will be parallel in object- 
and image-spaces. 

The restriction to an axially symmetrical system makes it only 
necessary to fix three variables in order to determine W, for any 
skew ray in the object-space can be defined by the polar co-ordinates 

tpa and rj, of the respective points in which it intersects two 
planes z — a and 2 = 6; but since the system is rotjvtionally sym¬ 
metrical the value of W will be unchanged for all rays for which 
9a " 9b constant. Hence three variables suffice. 

For example, if we know the angle between the object-ray 
and the axis, the angle between object-ray and image-ray, and the 
angle between the image-ray and the axis : these three variables 
will suffice to determine the W value. The first of these will be 
fixed by n* = 1 — (1* -f- m*), the second by W -1- mm' -f- nn', and 
the third by n'* = 1 — (i'* -f m ’*); thus the three variables are 
written a, b, c where 

a = 1* -f- m*, b = W + mm', and c = 1'* -f tre'®. 

To begin with then, all that we nee<l assume in regard to optical 
instruments in general, is that the eikonal always exists. A number 
of alternative ways of procedure are now ojien. One method 
is to eissume a pair of reference planes 2 = 0, and 2 ' = 0 per¬ 
pendicular to the axis of an axially symmetrical system, and to en¬ 
quire what conditions will bo necessary in order that (as far as 
the system of rays goes) the respective points of intersection x, y 
and x' y' coincide with the jioints of an object and image, the 
latter having a magnification M. The coincidence is attained if 

x' = Mx and y' — My 
for all values of the variables. 

It is not possible within the limits of the present sketch to give 
anything like a complete discussion, but the following picture 
emerges. Taking fixed reference planes O and O', let W represent 
the value of the eikonal for a ray direction inclined to the axis, 
BO that, although a = 6 = c = 0 for the axis itself, all these variables 
are now finite; then by Maclaurin’s theorem if Wo is the eikonal 
for the axial path. 
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where 


means that we first differentiate the expression for 


W (supposing it to be known explicitly) with respect to a and then 
put a— 6 =c= 0 in the result; and so on. 

Now if the rays are restricted to the paraxial region, so that 
o, &, and c are all very small, then if we decrease these variables 
far enough we can always make the terms involving the second 
and higher powers small in comparison with the first two terms 
of the series. If the reference planes happen to be conjugate planes 
of the system W is then reduced to a certain linear function of a, 
b and c in which their coefficients depend only on the magnification 

aw 0W 

M. The formation of , -^ 7 ,-, etc., then shows that x' = Ma: and 

oL di 

y' — My, and the whole of the Gaussian System follows. For Te,y» 
at greater angles the next term must be included ; this involves 

0*W 5*W 

terms in a*, ab, etc., and the coefficients depend on -=-r> etc. : 

oar oaoo 

these terms represent the so-called primary aberrations. The next 
main term involving a*, 6 *, etc., gives the secondary aberrations. 
In such a general manner, the whole theory of the symmetrical 
optical instrument can be built up from a very general point of 


view. 

However satisfactory the general result, the complexity of the 
whole argument when set out in detail is considerable, and the 
implications of the various steps are not always very clearly brought 
out by the writers on these topics. For example, one point causing 
much difficulty to students is the necessary limitation of the rays 
to a system defined by definite parameters ; for example in discuss¬ 
ing a characteristic function the rays may be derived from a single 
ra^nt point situated in the object plane or elsewhere, but they 
must belong to some specific system. A clear conception of this 
feature is essential, yet references to it are sometimes very vague. 
Further, the original writers were writing for mathematicians ; their 
followers who have written for junior students might well, when 
referring to the above variables (o, b and c) explain much more 
fully why “ owing to the S 3 rmmetry of the system, these variables 
are sufficient.” It is not to be wondered at that many keen students 
whose main interests are optical have despaired of being able to 
master the theory since many vital points are referred to only in 
the briefest manner. The whole subject is apt to appear as a mere 
welter of equations, and the reaUy interesting essentials in the 
development of the argument are lost sight of. 

Tiie ideal of the whole theory is, then, to provide a basis on 
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which the action of optical instraments can be explained, again 
without detailed reference to the conatruction of the system ; and 
one which, unlike the theory of collinearity, does not break down 
in any attempt to make useful advances in optical knowledge. 

In contrast to the classical discussions it appears worth while 
to draw attention to some recent studies of Herzberger.^ He first 
considers a rotationally symmetrical optical system and a skew-ray 
passing through it. Imagining now that a plane containing the 
axis is made to rotate around the axis, it will in general cut the ray- 
path in two points, one in the object-space, the other in the image- 
space. These points are called point and diapoint respectively ; 
the ratio of their distances from the axis is called the diamagnifica- 
tion. There will be points for which the diamagnification (^') is 
unity, and these correspond to unit or principal points. Further, 
there will be a position of the plane in which it is parallel to the 
“ object-ray '' and it will then intersect the image-ray in the diafocal 
point ; similarly for the diafocal point of the object-space. 

Herzberger shows that the distances s and s' of point and diapoint 
from the i)rincipal points are connected by a relation 

s' s f’ 

where p and p' are the refractive indices of the object- and image- 
space re8i)ectively, and /' is the distance from the principal point 
to the diafocal point of the imago-space. We also obtain relations 
of the tyi)e 

and 

where x and x' are distances of point and diapoint from the cor¬ 
responding diafocal points. Thus again we see in an even more 
general way that the above equations are not rooted in collinear 
geometry, but express more fundamental relations characterising 
axially symmetrical systems ; they hold, for example, if the surfaces 
are non-spherioal, provided they are surfaces of rotation. By 
introducing the eikonal into the expression of these skew-ray pro¬ 
perties, it can be shown comparatively simply how the Gaussian 
optics of the paraxial region arises as a reduction case from the 
general condition, making use of the second term in the expansion 
for W. This is, in effect, going back to first principles instead of 
deducing the necessary properties of an instrument from a con¬ 
sideration of the characteristic frmotion alone, but there is a good 
deal to be said for this course when a practical end is in view. 

^ Jour. Opt, Soe. America, 26, 197, 1036. 
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Various writers have also given considerable attention to what 
Herzberger terms “ optical problems in the lai^.” A study of 
the optical requirements in certain cases determines the necessary 
corresponding form of the eikonal; in some cases this can be shown 
to be incompatible with certain other conditions ; thus, for example, 
it is demonstrated that if we could have a photographic objective 
giving perfectly sharp definition for an object plane at infinity 
situated on either side of it, the lens would necessarily suffer from 
distortion. Of course, it will be remembered that though a reason¬ 
ably good symmetrical objective will produce a fair image of points 
at infinity on either side, the definition is not of optimum sharpness, 
and this experiment does not apply to the theoretical case. Many 
other cases have been studied, but while the results are generally 
of great interest, the greatest care is necessary in applying them 
to practical problems, and much work will be necessary before the 
true relations of theory and practice are really clarified. 

Space does not permit here of the inclusion of any description 
of the way in which the use of Hamilton’s characteristic function 
has been developed by Maxwell and others in a manner lending 
itself to the discussion of the optical-path differences of disturb¬ 
ances arriving in an image point. A similar but simplified method 
was used by Conrady in lectures to his pupils, but is at present 
still unpublished in its completer form. 

It may now appear possible to make some remarks on the ques¬ 
tion of the best approach to the subject. There can be little doubt 
that any approach which over-emphasises the importance of the 
purely geometrical ideas of collinearity, and exhibits them as the 
main pathway to the formulation of optical knowledge, is seriously 
at fault. On the other hand, the general picture of such relations 
is so simple that it lends itself admirably to the purpose of acquiring 
some knowledge at least of the working of optical systems in a 
very short time. For the University teacher with a crowded cur¬ 
riculum this consideration is of paramoimt importance. 

To occupy the main time of a short cause of optical instruction 
with the building, as it were, of a steam-hammer used only in the 
end to crack a nut would scarcely commend itself as wisdom. On 
the other hand, when a wider and more detailed knowledge is 
required, and where a foundation has been laid by suitable experi¬ 
mental studies and some study of fundamental optical ideas, it is 
attractive for the teacher to consider the adoption of a further 
systematic development of the theory along lines which first of 
all study the fundamental prop^ies of real instruments, and end 
at a point where the general possibilities of optical systems can be 
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treated, and effectively judged in relation to actual attainments. 
It would be a great improve nent over the usual piece-meal develop¬ 
ment. For this purpose we badly need a good text-book in English 
written not with a view to exhibiting the writer’s ability to com¬ 
plicate the issue, but with a genuine desire to bring this field of 
knowledge into the purview of the student. Such a treatment 
need not involve any difficult analysis and should first aim at making 
the fundamental optical ideas stand out rather than the mathe¬ 
matical details. For this purpose some of the possibilities of 
approach mentioned above might be considered. 

Such a book need not aim at giving instruction in the methods 
of designing optical systems (this is being adequately taken care 
of) but should give a clear picture of the origin of the aberrations 
and their discussion both in terms of ray-wandering and optical- 
path differences, bringing the whole as clearly as possible into 
relation with experimental observations. 



RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By A. Hcntkk. Ph.I)., P.R.A.S., Royal Obsorvatory, 
Greenwich. 

Perhaps the greatest practical imj>ortance of the astronomer to 
the community lies in the fact that at present he alone can provide 
it with an accurate time service. Competition from the physicist 
for the post of time-purveyor, however, is by no means so unlikely 
as it would have seemed only a score of years ago. The way in 
which improvements have been introduced into time measurement 
in recent years makes an interesting story. A later report will 
review the present state of the related subject of time recording. 

In measuring time the astronomer begins by begging the ques¬ 
tion. Ignoring any philosophical difBcxilties about the nature of 
time, he assumes the realist’s instinctive knowledge of the passage 
of time ” and the physicist’s laudable desire to measure it. Any 
recurrent phenomenon which is regular in its recurrence will serve 
the purpose. The measure of its usefulness as a clock is by com¬ 
parison with other periodic phenomena—^that is in effect how we 
assess its regularity. Since the earliest times it has been recognised 
that the fundamental clock is the earth. Measurements of its rate 
of rotation relative to the various heavenly bodies still order man’s 
daily life, as they did thousands of years ago. The particular 
body or set of bodies chosen as a reference system decides the sort 
of time which is measured. The sidereal day may be defined as the 
interval between two successive transits across the observer’s 
meridian of a hypothetical mean star—^liypothetical because transits 
of the real stars are affected by their proper motions. Their mean, 
of course, is not, and the day defined by using this mean can be 
regarded as the fundamental period of axial rotation of the earth. 
Whether or not this rotation is constant is a question which has 
not worried the astronomer until relatively recent times. He is 
still the only person likely to worry, because only astronomical 
observations, and not any comparison with other timekeepers, can 
at present detect any variation. 

The sidereal day, then, is the astronomical standard. Our daily 
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lives, however, are not ordered by the stars (if the astrologers will 
permit the heresy), but by the sun, which appears to retrogress com¬ 
pletely round the celestial sphere once a year. Successive transits 
of the sun fix the apparent solar day. Owing to the fact that the 
earth’s orbit is neither circular nor coplanar with its equator, how¬ 
ever, this interval, as measured in sidereal seconds, is not constant 
throughout the year. The practical unit is the mean solar day, 
which is constant and on the average the same length as the apparent 
solar day. In adopting this as the basis of civil time, we shall 
never depart enough from true solar time to cause such anomalies 
as would arise, for instance, from using sidereal time as the legal 
standard. 

The astronomer’s job is thus to observe sidereal time, but to 
provide the public with mean solar time. If he were a perfect 
observer, using perfect instruments, and with a perfect clock as 
accessory, all would be well. In point of fact, however, as might 
be expected, trouble arises from a combination of imperfections in 
the observer and in his tools. Great strides have, however, been 
made recently in reducing these imperfections. And as in all 
branches of science, improvements in one direction have brought 
in their train corresponding improvements in another. The develop¬ 
ment of precision clocks, for example, has brought into prominence 
qriite recently a subject of two centtiries’ standing but of hitherto 
only academic interest. The sidereal day defined above is in 
practice measured in terms of transits of the vernal equinox—the 
so-called “ first point of Aries ”—whose precession along the ecliptic 
causes the adopted sidereal day to be nearly a hundredth of a second 
shorter than the true rotation period of the earth. (This precession 
has already progressed so far even in historical times that the first 
point of Aries is now in Pisces.) Unfortunately, however, the pre- 
oessional motion is not unifonn, solar and lunar j)erturbationB pro¬ 
ducing a motion of nutaiion which varies the length of the apparent 
sidereal day. Mean sidereal time, bearing the same sort of relation 
to the apparent sidereal time measured by astronomical observa¬ 
tions as mean solar time does to the sundial’s apparent solar time 
—^though the difference is of course very much smaller—^has there¬ 
fore to be used in work of the highest precision. 

Dealing with the problems in turn, let us first consider the 
instrumental side. The fundamental time measurer is the transit 
instrument, in essence a refractor moving in the meridian, with 
which are observed the transits of certain stars called dock stars 
whose positions in right ascension are particularly well determined. 
Time is measured by using the instrument to find the error either 
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of a 8id««al dock rated to run approximately oorrectly, or of the 
mean of several such clocks. From the sidereal time so determined, 
solar time can of course be obtained by suitable adjustment, ‘ and 
distributed by rated chronometer, or by radio, telephonic, or tele¬ 
graphic signals. 

The ideal transit instrument would have its axis of rotation 
tnJy horizontal and lying east and west, and its optical axis truly 
in the meridian. Errors of level, azimuth, and collimation are, 
however, always present, to a variable extent depending on meteoro¬ 
logical and geophysical conditions, and a somewhat laborious 
observational programme has to be employed at frequent intervals 
to eliminate their effects. In addition, there will be what may be 
termed “ constructional errors,” distinct from these errors of adjust¬ 
ment, such as those due to flexure in the axis and in the tube of 
the telescope, and to the pivots being imperfect cylinders or having 
their axes not quite collinear. For accurate work, the possibility 
of occurrence of such errors necessitates the utmost precision both 
in workmanship and in observing technique. However confident 
the astronomer may be m the exhaustiveness of his methods, the 
very multiplicity of the corrections needed must invite suspicion 
if the results given by the transit instrument are not all that can 
be desired. Woolley (The Obaervatory, 57, 124, 1934) has shown 
from a discussion of the Greenwich observations that a small revers¬ 
ible transit circle can yield from a good night’s programme (say 
of two hours’ duration) a time determination whose final probable 
error is O-Ol sec., as determined from the internal concordance of 
the measures. But it is not xmknown for such a determination to 
disagree from the value predicted from the rates of the observatory 
cloc^ by five times as much as this ; and for subsequent observa¬ 
tions on the same instrument to confirm this uncertainty. In these 
circumstances, methods which promise accurate results with fewer 
errors needing elimination or correction are being tried. 

Prominent amongst these methods is one which employs the 
photographic reflex zenith tube, used normally for latitude obser¬ 
vations. Littell and Willis {Astronomical Journal, No. 931, p. 7, 
1929) have described how the instrument of the U.S. Naval Observa¬ 
tory has been adapted to time determination. Light from stars 

* The problem of making two dials show mean smd sidereal time respec¬ 
tively from the same seconds impulses (either mean or sideieal) will interest 
the arithmetician. It involves finding a train of gecue, each with a manage¬ 
able number of teeth, to give the sidereal-solar ratio 806-2422Ol/86fi*M33Ol 
to the required accuracy. Several such trains have recently been suggested 
(see Baumbaoh, Zeita. fUr Inatrwmentenkunde, 66, 469, 1986, or TiVilimgnn, 
Comptea Bendua, 206, 269, 1938). 
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neiur the zenith paaees through a horizontal objective, rotatable in 
its own plane, on to a free mercury surface, below the lens by half 
its focal length, and is thence focused on to a small photographic 
plate held rigidly just below the objective. The image of a star 
culminating close to the zenith is allowed to trail across the plate, 
a time-scale being provided by jogging the plate sideways (i.e. north 
and south) at each tick of the sidereal clock, exactly as a chrono¬ 
graph pen is operated. The objective and plate are quickly reversed 
through 180° five seconds before transit time, and the star trails 
off the plate again in the opposite direction. Suitable measurement 
of the plate will then evidently give the clock time of meridian 
passage. For stars which are not bright enough to give a measurable 
trail, a modification of the method has been devised, in which the 
plate is moved by clockwork to counteract the motion of the stars 
across the field. A simple arrangement registers on a calibrated 
chronograph record the position of the plate at certain points in 
its travel, both forward and reverse. Thence the procedure is in 
principle identical with that of the fixed-plate method. 

The advantages obtained are many. First of all, the method 
is an independent one, essentially different from that employed 
in the transit instrument. Then the bugbear of the transit circle 
observer, the level error, is completely eliminated, as also are colli- 
mation and azimuth errors, pivot irregularities and flexure errors, 
and the {personal equation of the observer, discussed below. The 
stability of the zenith tube is also sui^erior to that of a transit 
instrument, whilst the use of photography, with its permanent 
record, is a great step forward. 

The main disadvantage of the method is luckily only temporary. 
It lies in the limitation of programme. The stars which have to be 
used are usually fainter than magnitude 7’5, and their positions 
are naturally not very well known. This may indeed be the cause 
of certain systematic differences which exist between transit instru¬ 
ment results and zenith tube results {Aatronomical Journal, No. 994, 
p. 9,1933). As time goes on, however, the positions will be improved 
by transit circle determinations as well as internally, from the zenith 
tube plates themselves, and the method should take its place beside 
the older one as a fundamental way of measuring time. 

Let us turn now to the imperfections of the observer. The 
earliest method of observation on the transit instrument was the 
eye-and-ear method, in which the observer, watching the clock star 
move aoross the reticle in his eyepiece, estimated its time of transit 
to a tenth of a second by interpolating between the beats of the 
sidereal clock. This method, even when every known source of 
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instnimental error had been removed, alwaya gave systematic 
differences between the results of one observer and those of another. 
It was early realised that 

The fault, dear Brutus, is not in our stars 

But in ourselves. 

Nearly 160 years ago, Maskelyne, the fifth Astronomer Royal, dis¬ 
missed his tmfortunate assistant for committing such “ gross errors ” 
as 0’6 (later 0-8) sec. in making time observations by this means. 
It was recognised only forty years later by Bessel that such personal 
differences between observers are inevitable, and are not caused 
by the culpable negligence to which Maskelyne attributed them. 
The rise of electromagnetism in the mid-nineteenth century saw 
the perfection of the chronograph method, in which the observer 
closed a contact operating a chronograph pen as the star moved 
across the crosswires. The clock registered seconds on the same 
record, so that the determination now consisted in a mere spatial 
interpolation. By using ten vertical wires for the transit of each 
star, this method can reduce the so-called personal equation to the 
order of 0-2 sec. This residual error is easy to understand and to 
interpret as a difference of temperament between observers, espec¬ 
ially as it remains almost constant for each observer, changes due 
to fatigue, conditions of seeing, and rate of motion of the star 
image being of minor importance. 

The effect of the brightness of the star observed is, however, 
of more significance. For any one observer a systematic difference 
between time observations deduced from bright and faint stars 
respectively has been found to exist. In chronographic registration 
the key may be pressed perhaps a tenth of a second later for the 
faintest stars used than for the brightest stars in the sky. This 
magnitude equation can be evaluated for a given observer, and the 
nm of the error with magnitude may be used to evaluate the correc¬ 
tion to be applied to each observation. 

As the demand for accuracy increased, however, efforts have 
been naturally directed to eliminating these personality errors 
entirely, rather than applying corrections to neutralise their effects. 
The practice is now growing to fit transit instruments with some 
form of imperacnal micromete/r. In using this device, the observer 
drives the fiducial system in his eyepiece, by means of a screw 
motion, so as to follow the star image during transit. In a modi¬ 
fication of the same device, the reticle frame is driven automatically 
at the rate appropriate to the star’s declination, and the observer 
has merely to impart a retardation or acceleration, as required. 
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In both cases the motion of the frame in the eyepiece is electro- 
magneticaliy recorded on a chronograph together with the clock 
signals, and the time of transit is deduced by interpolation. The 
introduction of the impersonal micrometer has reduced the effect 
of personal equation enormously, though systematic differences of 
the order of a hundredth of a second still exist. This is, of course, 
to be ex])ected, as the observation is essentially one of keeping a 
star image bisected, and, as is well known, bisection estimates are 
systematically different in different observers. The auxiliary 
drive shows over the hand drive a small but definite improvement, 
which is probably connected with the reduction in the amount of 
concentration demanded from the observer. 

A new and essentially different way of avoiding personality error 
has been very recently described by J. de G. Himtor {Proc. Boy. 
Soc., A, 166, 197, 1938). Whilst this device is in a compact form 
intended for use with field theodolites for longitude determinations, 
there seems no reason why it should not be adapted for observations 
of time, which are of course identical in principle. A smedl central 
portion of the telescope field is normally obscured by a shutter 
close to the focal plane of the objective. For longitude determin¬ 
ations, this shutter exiroses the star for observation at a time con¬ 
trolled by a break-circuit chronometer. In field work the telescope 
is that of a theodolite and the star exposures are given for 0-070 sec. 
every third second by means of a relay system operating the shutter 
electromagnetically. During such a short interval the star appears 
stationary in the field of view, and its position is read at each of 
some 20 appearances in terms of a scale consisting of 40 horizontal 
lines ruled on glass at intervals of 0-001 inch. The time of shutter 
operation is subsequently compared with the rhythmic time signals 
radiated from Rugby or Bordeaux. A contact on the shutter arm 
is introduced into the output circuit of the radio receiver employed, 
and breaks this circuit for the duration of shutter operation. The 
incoming signals are thus extinguished during operation, and by 
suitable adjustment of the contact complete extinction of one signal 
can be obtained and a very precise coincidence measure secured. 
For transit circle observations, however, where there is no objection 
to the employment of a chronograph, the shutter impulses can 
evidently be treated just as the taps of the old “ galvanic ” method 
were, and imprinted on the recording tape together with seconds 
signals from the standard clock whose rate is being determined. 

Until the principle has actually been applied to transit obser¬ 
vations there can ^ little more than an estimate of its reliability, 
but there seems no reason to doubt that personality is eliminate 
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aa well by this method as by the form of impersonal micrometer 
DOW in use. It is in any case evident that personality error is 
looming larger and larger on the astronomer’s horizon as the accuracy 
of his observations increases. At present its magnitude is of the 
order of 0 01 sec. The fact that this quantity enters directly into 
the determination of time, a determination whose internal probable 
error is of the same order, makes it essential that it should be evalu¬ 
ated and allowed for. This is, in fact, done at present, more or 
less satisfactorily, by means of the personal equation machine. 
Nevertheless, no efforts are being spared in devising methods which 
will eliminate entirely the necessity of applying such corrections. 

The process of perfecting these methods will be followed with 
interest not only by the professional astronomer but also by the 
horologist, whose most accurate workmanship is already being 
taxed by these developments on the astronomical side of time 
measurement. 

PHYSIOS. By F. A. Vick, Ph.D., University College, London. 

The Acoustics of Buildings. —^The foundations of Architectural 
Acoustics were well and truly laid by W. C. Sabine {Collected Papers 
m Acoustics, 1922). His careful experiments led to the well-known 
relation 

T = 9- i—y . seconds.(1) 

iU (l\ O] 

where T is the “ reverberation period ” of the room, V the volume 
in cubic metres, and square metres the area of surface with co¬ 
efficient of sound absorption Ui. If in a room a source of sound (for 
example, an organ pipe) is suddenly out off after steady conditions 
have been reached, the time required for the sound intensity to 
fall by 60 decibels, that is to one millionth of the initial intensity, 
is this reverberation period T. A decibel is ten times the common 
logarithm of the intensity ratio. A change of 60 decibels was 
chosen because it represents approximately a fall in intensity from 
loud speech to the threshold of audibility. In an ordinary room a» 
sound is reflected many times by the walls and objects in the room 
before it Anally dies away, for it will be remembered that the velocity 
of sound in air is about 33 kflometres a second, and a normal hard 
wall is a better reflector of sound than most mirrors ore of light. 
Reverberation is thus a confused or inarticulate prolongation of 
sound. An echo, on the other hand, is a definite or articulate 
repetition of a sound after an appreciable interval, due to strong 
reflections in a particular direction. The sound audible to a persim 
in a hall therefore consists of (a) direct sound, reaching him witliout 
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reflection, (b) ireverberation, (e) echoes. A small amount of rever¬ 
beration is useful, because it increases the intensity of sound received, 
but if it persists too long, the intelligibility of speech, for example, 
is impaired. In this case, it is obviously of no use just to introduce 
loud-speakers, the only remedy is to reduce the reverberation time 
and tiim if necessary increase the sound intensity in more distant 
parts of the room. 

General experience shows that a reverberation jjeriod of two 
seconds is about right for large halls, and one second for smaller 
halls in which the sound does not need so much reinforcement. 
Halls intended for music may with advantage have rather longer 
reverberation periods than those for speech. With a short period 
they sound “ dead.” 

Sabine’s reverberation formula implies (1) the duration of 
audibility of the residual sound is the same in ail parts of the room ; 
(2) the duration of audibility is independent of the position of the 
source; (3) the efficiency of an absorbent in reducing reverberation 
is independent of its position. To a first approximation these are 
found to bo true for simple oases, and the formula enables us to 
obtain with surprising ease the reverberation period of a room, and 
to calculate how much absorbent is needed to reduce T for a given 
room to the desired value. Architects have found it of great value. 
But, good working rule though it is, the formula has limitations 
and has to be modified under certain conditions. 

Equation (1) obviously breaks down when all the walls are 
completely absorbing, for it gives 

„ _016V 

S 

and not zero. To derive the equation theoretically it is assumed 
that the space is uniformly filled with sound, which dies away 
continuously, a being small and T long. (See, for example, E. 
Buckingham, 8c. Papers Bur. Stand., 20, 193, 1925). A more 
satisfactory formula is obtained by taking account of the fact that 
the sound decays discontinuously, at time intervals corresponding 
to distances lx, 1%, . . . between reflections. To simplify calcula¬ 
tions the “ mean free path ” 



u used (see V. O. Knudsen, Rev. Mod. Phys., 6, 4, 1934). The total 
number of reflections for the intensity to fall by a factor of 10* is N, 
given by 

(1 - o)N =. io-« 
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where a is the absorption coefficient. The reverberation time k 
then N divided by n, the number of reflections per second, calculated 
from the velocity of sound v and the mean firm path. 

^ _ N _ - 6 X 2 30 

n log* (1 — o) ■ V.S 

• T - ( 2 ) 

-Slog*(l-a) . 

Equation (2) approaches the original equation (1) when a is small, 


log* (1 


o , a® 

I + I 


When a is larger, equation (2) shows that less absorbing material is 
needed for a given T than would be inferred from equation (1). 
Difficulties may arise if we have to deal with a room containing 
many different kinds of siuface. If we follow Millington (J. Aooust, 
8oc. Amer.,4k, 60,1932) and use a summation analogous to equation 
(1), giving 


016V 

SSrioge(i 


. ( 2 «) 


and there is a surface, however small, with a — 1 (e.g. an open 
window), thenTbocome8zero,sinoethen—i7Sjlog{l—Oi)—> ». See 
also Eyring (J. Acoust. Soc. Amer., 1, 217, 1930). 

We have neglected so far the absorption of sound by the air in 
the room. V. O. Knudsen has shown that the coefficient of absorp¬ 
tion of moist air is much larger than was once thought, especially 
at frequencies above 6000 (Jtev. Mod, Phys., 6, 1, 1934). Our 
reverberation formula must then be modified further to 


4 m V 


016 V_ 

S Si log* (1 X o,) ■ 


where m is the absorption coefficient of the air. At frequencies just 
above the audible, the second term may be negligible compiued 
with the first. 

While considering Sabine’s formula we have noted the assump¬ 
tion that the effect of an absorber is independent of its position. 
But suppose we have a room of rectangular section in which the 
walls are good reflectors and the floor or ceiling (or both) are good 
absorbers. Then the sound reflected in the vertical plane will die 
out much more quickly than that in the horizontal, and we shall 
have in effect a longer reverberation time than that calculated from 
the arithmetic mean of the absorptions [or from £ Si log* (1 — Ui)] 
In other words, the reverberation time is lengthened by oonoen- 
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trating all the absorbents in one place. However, in general 
practice large halls are not simply rectangular in section, and there 
is not such a tendency for reverberation to persist in two dimensions. 
Structural features and ornaments tend to diffuse the sound. The 
effect is of greater importance in the absorption measurements 
mentioned below. 

Further complications may arise if room resonance occurs, but 
fortunately the resonant frequencies of large rooms are too low to 
cause much disturbance. We may say that, in general, if the sound 
is reasonably diffused and pronounced echoes are absent, equation 
(3) gives results accurate to within 10 per cent. Care must be taken 
when applying it, however, where rooms are linked together, and 
with rooms of very irregular shape. Greater accuracy than this 
can be attained by taking suitable precautions, as in an acoustics 
laboratory. 

To measure reverberation times, Sabine’s subjective method is 
still used to some extent, but with his organ pipe replaced by a 
gramophone, amplifier and loud-speaker, the output of which can 
be controlled by a potential divider calibrated in decibels. A 
switch is arranged to start an electric clock when the loud-speaker 
is cut off, and stop it when the loud-speaker is switched on. A 
record of a “ warble tone,” whose frequency varies over a short 
range, is put on, and the output set by the potential divider to 60 
decibels above the threshold intensity. With the sound intensity 
in the room at a steady value, the loud-speaker is cut off and the 
clock started. When the threshold of audibility is reached, the 
switch is reversed, stopping the clock and re-starting the loud¬ 
speaker. This procedure is repeated a known number of times, the 
clock adds up the reverberation periods measured, and so an average 
can be obtained. Entirely automatic “ reverberation meters ” 
(e.g. H. J. Sabine, Electronic, 10, 30, 1937) are more often used 
now, sometimes the whole course of the dying away of the sound 
being recorded on a logarithmic scale. Some interesting curves 
obtained with such an instrument are given by van Urk (Philipe 
Tech. Rev., 3, 66, March 1938). Sometimes the decay curve is 
“ integrated ” by using a miorophone, amplifier, rectifier and 
galvanometer. If the rectifier is a linear one, the total quantity of 
electricity measured by the galvanometer is proportional to the 
reverberation time and to the steady current through the galvano¬ 
meter just before the soimd is cut off. An ordinary ballistic gadvano- 
meter can be used only when the reverberation time is very short, 
but the range is considerably extended by using a fluxmeter instead 
(Fleurent and Beauvilain, Comptea Rend., 206, 896, March 1938). 
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The reverberation formula being well eRtabliehed, measuremente 
of absorption coefficients can be based upon it. The total absorption 
of a special room is determined by measuring the reverberation time 
by one of the above methods, first when the room contains a certain 
area of the acoustical material (not on the walls) and s^ain when the 
specimen is removed from the room. Under these simple conditions, 
the original Sabine formula, equation (1), is generally used, and the 
absorption by the specimen is taken to be the difference between 
the two measured absorptions (i^aiS,). This is justified only 
when the sound is kept thoroughly diffuse during the whole process 
of decay. Warble tones and large rotating vanes help considerably. 
The specimen should be large compared with the wavelength of the 
sound used (A = 60 cm. at 612 cycles, approximately), and yet 
should not be too large compared with the total surface of the 
room. The vibrations in the room must not react on the source. 
A recent paper by Morris, Nixon and Parkinson (J. Aamst. Soc. 
Amer., 9, 234, Jan. 1938) discusses measurements made by this 
method, especially with regard to the area of the specimen in 
relation to the size of the room. Absorption by moist air may 
vitiate the results at high frequencies, and V. O. Knudsen has 
suggested filling the chamber with dry nitrogen. This is more 
practicable with the small-scale method making use of stationary 
waves. The fiat test specimen closes one end of a cylindrical tube 
(drain-pipes have been used), the open end of which faces a source 
of sound of constant frequency. From the pressure amplitudes of 
the standing waves the absorption coefficient can be deduced, since 
the reflected waves have smidler amplitudes than the incident ones. 
The theory of the method is discussed by Eckhardt and Chrisler 
{Bur. Stand. Sc. Pap., 21, 37, 1925). 

In a third method the specimen (about 4 ft. x 5 ft.) is mounted as 
a partition between two rooms, otherwise acoustically isolated. 
The rooms are well lagged with absorbing material. Measurements 
are made of the sound reflected and transmitted by the partition, 
from which the absorption coefficient can be deduced. A general 
description of the method as used at the N.P.L. is given by Davis 
and Littler {PhU. Mag., [vii] 3, 177, 1927) and an extended series 
of results by Constable and Aston {PhU. Mag., [vii] 23, 161, 
1937). 

iJong with these measurements, a good deal of theoretical work 
is being done on the absorption of sound by porous materials, 
following the original treatment by Rayleigh {Theory of Sound, 
Vol. 2, p. 329). As a recent example we may mention the paper by 
Monna {Phyeica, 5,129, March 1938), who concludes that for layeis 
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1-2 cm. thick, an effective pore radius of 10 — 20^ will be the most 
favourable for absorption. 

Absorption coefficients being known, application of equation (3) 
enables us to estimate the reverberation period of a room before it 
is built or to modify an existing one, but there is still the question 
of echoes. It is possible to predict the general direction of prominent 
echoes by simple geometry, on a similar basis to ordinary optical 
reflection, but the process is very laborious and it is difficult to allow 
for the spreading which occurs when sound is reflected by objects 
comparable in size to the wavelength. It has therefore b^n usual 
to construct a sectional scale model of the proposed room (a theatre, 
for example) and to study the reflections in it of sound pulses, or 
of ripples on water in a tank. The first method takes advantage 
of the refraction of light by the compression waves of sound, an 
impulse being started by a “ sound-spark ” and photographed after 
a chosen short interval by the light of a second (distant) spark. 
Both this and the ripple-tank method use wavelengths of the right 
order. Descriptions and photographs are given in most books on 
applied acoustics (e.g. Davis and Kaye, The Acoustics of Buildings, 
Bell, 1932). 

Such experiments are useful, not only for discovering undesirable 
echoes, but also for ensuring a sufficient sound intensity in remote 
parts of the room, e.g. under a gallery. For such a purpose, optical 
models, made of aluminium sheet and with an electric light bulb 
to simulate the source of sound, have been used recently 
(R, Yermeulen and J. do Boer, Philips Tech. Rev., 1, 46, 1936; 
R. Vermeulen, Philips Tech. Rev., 3, 139, May 1938). The 
justification is that intelligibility of speech depends mainly on the 
higher frequency components, with wavelengths of 30 cm. or less, 
which are very nearly regularly reflected. The audience in these 
models is represented by opal glass, through which the distribution 
of intensity in the different parts can be seen. Theatres made with 
the aid of models and the reverberation formula confirm the pre¬ 
dictions with regard to loudness and intelligibility. 

With the knowledge summarised above as a guide, there is little 
excuse for an auditorium to be built with bad acoustics. Unfortun¬ 
ately, it is to be doubted whether modem architecture, with its 
preference for simple lines and smooth walls, is always as good 
acoustically as one would wish (in oaf6a, for example). 

The subject of insulation against noise (defined as “ sound 
undesired by the recipient ”) has been introduced already in this 
journal by Q. W. C. Kaye (Sonswon Proobxss, 30, 386, 1936). 4 
hrief mention of one or two recent papers will therefore suffice. 
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McMahan (<7. Acouat. Soc. Amer., 7, 204,1936) discusses the silencing 
of fans, and Morreau (ibid., 10, 45, July 1938) the calculation of 
the insiilation of partitions from the architect’s point of view. 

To prevent the intrusion of structiual-borhe sounds, the room 
should be completely isolated from its neighbours. In practice, 
this means “ floating ” the room on rubber pads inside another 
room with separate doors, etc. In connection with this, Davis and 
Knowler have pointed out (Phil. Mag., [vii] 23, 145, 1937) that if 
the air space between floating and fixed floors (for example) is closed 
at the edges and only moderately thick, the sounds transmitted by 
the air space may exceed those conducted by the rubber pads. 

Two short papers by J. E. R. Constable are of general interest 
(Proe. Phya. Soc., 50, 360 and 368, May 1938). In one he describes 
how noises can be prevented from travelling along water pipes by 
the insertion of a length of rubber hose, and in the other some 
experiments on the transmission of sound by indirect paths in a 
block of flats. 

meteorology. By E. V. Nbwnham, B.So., Meteorological Office, 

London. 

Hailstones. —My notes in Science Pboqbess for April 1938 on 
some recent attempts to deal mathematically with the physics of large . 
hailstones have drawn the attention of certain American electrical 
engineers to the subject, and have led indirectly to the recording 
of a very interesting observation. Mr. R. P. Johnson of the Research 
Laboratory, General Electric Company, New York, in a letter dated 
May 28, 1938, wrote as follows: 

I am prompted by reading your interesting review on “The 
Formation of Hailstones,” in Scibnob Proobess recently, to hope 
that you may care to hear of some hailstones that fell in Washington, 
D.C., shortly after noon on last April 29, in a typical brief thunder¬ 
shower. 

The stones had various sizes up to about 15 mm. mean diameter. 
Their shapes and their stratification showed plainly that they were 
fragments of spherical stones about 30 mm. in diameter, laminated 
radially with alternate clear and cloudy layers, each layer being 
roughly 2 mm. thick. In other parts of the city, spherical stones 
of this size (as judged from newspaper photographs) did fall, damag¬ 
ing greenhouses and automobile tops. The question is, how were 
the stones broken ? They must have been broken rather high, 
for the pieces appeared to have terminal velocities suited to their 
sizes : they did not break further on hitting a wet concrete pave- 
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ment. Fracture must have occurred after the stones had fallen 
out of the region where they were formed, else additional layers 
would have l>eon built onto each fragment. For this reason, it is 
not plausible tliat they were broken in collisions among themselves. 
Stresses caused by changes in temperature along the paths would 
hardly be enough to cause the stones to explode. The fact that 
these stones were without exception broken, while stones that fell 
two miles away were uniformly whole, suggests some fairly local 
catastrophe, though size-sorting by horizontal winds is possible. 
One hypothesis is that the stones were shattered in the pressure 
wave from a bolt of lightning that happened to pass near them 
as they fell. I do not know how reasonable this may be. 

Perhaps other occurrences of this kind have come to your notice, 
and perhaps there is an accepted explanation for them. I should 
be happy to have your comments. 

Mr. S. T. Martin and Mr. H. Herring examined some of the 
stone-fragments with me. The suggestion that the stones were 
struck by lightning is due to Mr. J. Schremp. 

In subsequent correspondence Mr. Johnson has given the views 
of others whom he has consulted with a view to explaining what 
had been observed, but in the present writer’s opinion theoretical 
explanations are of less importance than the original observation, 
which was evidently carefully recorded and does not rest on the 
testimony of a single witness only. In regard to the theory of 
shattering by a i)re88ure wave set up by lightning, however, the 
following relevant observation was brought to the attention of the 
Director of the Meteorological Office, Air Ministry, a year or two 
ago : A violent thunderstorm was in progress in Johannesburg and 
a flash of lightning was observed very near to a car that was standing 
outside a garage. Although the car was not struck by the lightning, 
the windscreen was shattered in spite of its being made of very 
thick glass of a pattern designed to be virtually unbreakable. 

The present writer may be excused for airing, at this point, a 
view that owed its origin to a difficulty experienced as a boy first 
studying physios—the difficulty of disentan^ing observational data 
from the theories built up around them. It was a surprise to him, 
and a pleasant one, to find so great a physicist as the late Professor 
J. H. Poynting, under whom he studied between 1911 and 1914, 
constantly exhorting his students not to attach too great importance 
to the elaborate mathematical theories that were being so often 
built up on the slender basis of a few physical observations made 
with apparatus bound soon to become obsolete with the advance 
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of engineearing. The application to the hailstone problem is perhaps 
almost too obvious to need stating. We want more observations 
of the phenomena of the thunderstorm made by observers who are 
not only used to careful observation, and able to describe accurately 
what they see, but are unbiassed by too hastily formed theories 
as to the cause of what they have seen. When enough observations 
of that kind are available the mathematicians can step in and 
complete the work and there will be no further need for them to 
make simplifying assumptions, the validity of which can only be 
guessed, as so often happens when mathematical analysis is applied 
to the incomplete and inexact data of meteorology. 

BIOCHEMISTRY. By W. O. Kebmaot, D.So., LL.D., F.R.S.E., 
Besoaroh Laboratory, Royal College of Phyaicians, Edinburgh. 

The Chemotherapy op Bacterial Diseases. —^The first great 
success of modern chemotherapy was the discovery by Ehrlich of 
the remarkable action of various arsenical derivatives against certain 
diseases due to trypanosomes and spirochsetes. The second was 
the production of synthetic drugs with an antimalarial action of 
the same order as that of quinine, of which the most important are 
the compounds sold commercially under the name of plasmoquin 
and atebrin. But until a few years ago no real advance had been 
made towards the effective treatment by chemotherapy of diseases 
due not to protozoa but to bacteria. A whole new field has been 
opened up by the discovery of Domagk (of the (German Chemical 
Combine, the I.G.) (Deutsche. Med. Woch.^ 61, 250, 1936), tlxat 
certain ozo-dyestufis (commercially called “ Prontosil ”) containing 
a sulphonamide group, exert a remarkable curative action on mice 
and other animals infected by haemolytic streptococci. Within the 
relatively brief space of time which has elapsed since the original 
discoveiy was made, these sulphonamide compounds have already 
saved thousands of lives and have established for themselves a most 
important place in the armoury of the physician. 

An important advance was made in 1036 by Tr^fouel, Nitti and 
Bovet (Compt. rend. Soc. Biol., 120, 766, 1936) when they dis¬ 
covered that the curative action was possessed not only by azo- 
dyestufis but by the simple parent compound p-aminobenzene- 
sulphonamide (I). 


H,N—^SO,.NH, 

(I) 

This compound and certain simple derivativea of it have proved 
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of great efficiency in the treatment of infections due to heamolytic 
streptococci especially eryfdpelas and septicaemias (cf. Colebrook, 
Buttle ei al., Proc. K. Hoc.. Med., 31, 149, 1937). A very important 
field in which it has Iwen found useful is in the treatment of puer¬ 
peral fever, the cause of so many tragic deaths of mothers after 
child-birth. The great importance of the new treatment is illus¬ 
trated by the findings of Colebrook and Purdie {Lanctet, 233, 1237-42, 
1291-3, 1937) who report, that in the Queen Charlotte Hospital, 
Iiondon, the case mortality from this cause was reduced from over 
20 j)er cent, to about 5 per cent, as the result of sulphonamide 
treatment. 

It was soon discovered that the curative action of the sulphon¬ 
amide derivatives was not limited to diseases caused by hsemolytic 
streptococci. There is a general concensus of opinion that these 
compounds are valuable in meningococcal infections and a con¬ 
siderable body of evidence indicating their disinfecting action in 
gonorrhoea and in infections of the urinary tract. Curiously 
enough, non-hsemolytic strains of streptococci seem to be much less 
amenable to treatment by these drugs whilst no clinical success 
has so far been achieved against septicaemias and other infections 
due to staphylococci. 

In view of these results, it is natural that a considerable amount 
of work should have been done with regard to the action of com- 
poimds of the sulphonamide series in pneumococcal infections. 
The problem of obtaining an effective chemotherapeutic agent 
against pneumonia has for long attracted attention. It is now 
over twenty years since J. Morgenroth and R. Levy {Berl. Klin. 
Woc3i., 48 , Nr. 34, 1912) found that certain alkyl derivatives of 
dihydrooupreine (cupreine = quinine from which the ethyl group 
has been removed) had a curative action on mice infected with 
pneumococci. More recently certain other derivatives of quinine 
belonging to the apo-series have also given positive results in animals. 
Reports on the action of p-aminobenaenesulphonamide on mice 
infected with pneumococci show that there is usually a definite 
effect, that this effect varies according to the type of pneumococci 
employed, and that under the most favourable circumstances there 
is rarely if ever a permanent ciue, but rather only a prolongation 
of life. The treated animals may survive for perhaps 3-6 days, 
instead of dying within 24-48 hours after infection like the controls. 
Some compouncb have been found to be more active than the simple 
p-aminobensenesulphonamide. Thus Whitby {Lancet, 232, 1517, 
1937) stated that both 4 : 4'-diaminobenzenesulphonanilide tartrate 
«nd 4; 3'*diaminoben9!ene6ulphonaniiide have a definite protective 
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action on mice infected with pneumococcus type I. Similar results 
have also been obtained with certain derivatives of diphenylsulphide 
(II). 

(II) 

These compounds possess a chemotherapeutic action on haomolytic 
streptococci comparable with that exacted by the active sulphon- 
amide derivatives and in some instances they also liave a dis¬ 
tinct anti-pneumococcal action. Buttle and Gray {Proc., It, Soc, 
Med,, 31, 154, 1937), for example, found that the bonzylidene base 
of 4 : 4'-diaminodiphenylsulphone was active in tyi)e I pneumococcal 
infections, whilst Foumeau et al, (Foumeau, Trefouel, Nitti and 
Bovet, Compt, rend,, 205, 299, 1937) claimed that di-(p-acetamido- 
phenyl)sulphone was specially curative in mice infected with 
pneumococci. 

The results recently published by Whitby are of 8i>ecial import¬ 
ance {Lancet, 234, 1211, 1938). In the course of testing out a large 
number of compounds prepared in the laboratories of May and Baker, 
he found one which j)os8e8sed outstanding antipneumococcal 
activity. This is 2-j9-aminobenzene8ulphonamidopyridine (III). 


H jN—/ N—SOj.NH— 

N 

(III) 

It is relatively non-toxic and especially effective when administered 
to mice previously inoculated with pneumococci of type I, VII or 
VIII. Untreated mice usually die within 24 or 48 hours, but most 
of the treated mice live during the whole time of observation, that 
is to say 7 days after infection, which may be taken as equivalent 
to complete cure. Against pneumococci of types II, III, V, it is 
also potent though here the effects are perhaps less striking. It is 
interesting to learn that the new compound is at least as effective 
against hesmolytic streptococci asp-aminobenzenesulphonamide, and 
has the advantage of being much less toxic. 

Closely following upon the report by Whitby of the action of 
2-jj-aminobenzene8ulphonamidopyridine on pneumococcal and strep¬ 
tococcal infections in mice, comes an account by Evans and Gaisford 
of their experience with this drug in the treatment of human pneu¬ 
monia (Lancet, 235, 14, 1938). These workers treated one hundred 
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patients at the Dudley Road Hospital, Birmingham, and used as 
a control series another 100 cases treated by the ordinary methods. 
In the control series, the mortality was 27 j)er cent.., a figure which 
is about average for this disease. In the treated series, however, 
the mortality was only 8 per cent. It is of special interest to notice 
that of the 8 deaths, 6 occjurred during the first few weeks of the 
investigation when relatively small quantities of the compound were 
being administered in view of the possibility of the appearance of 
toxic symptoms. As experience was gained, it was found possible 
to use larger doses, and indeed 6-9 grams |)er day could be adminis¬ 
tered with little or no signs of even mild toxic effects. The extreme 
harmlessness of the new compound would seem to be one of its 
great advantages. 

It is of course too early as yet to reach any conclusion as to 
the real value of p-aminobenzenesulphonamidopyridine in human 
disease. Even the most carefully controlled clinical trials of a new 
treatment sometimes give an unduly optimistic impression of its 
efficiency. No doubt the possibilities of a compound of such fine 
promise will be rapidly explored ; and not only of this compound 
alone but of many closely related ones as well, for some of those 
might prove to be of equal or even greater efficiency. 

The mechanism of the action of the sulphonamide derivatives 
has naturally aroused great interest, but in spite of much work 
there is as yet no simple and generally accepted explanation. The 
original prontosil was an azo-dyestuff, and it was shown by Nitti 
and Bovet that this is reduced in the animal body with the formation 
of p-aminobenzenesulphonamide, which is excreted in the urine, 
and that the latter compound is itself at least as curative as the 
original dyestuff. They therefore concluded that the prontosil acts 
through producing the simpler amino derivative. This conclusion 
is supported by the fact that the dyestuff has little or no antibacterial 
action in vitro, whilst p-aminobenzenesulphonamide exerts a 
bacteriostatic and in higher concentrations a bactericidal action on 
cultures of hsemolytic streptococci and certain other organisms. 

No one, however, contends that this antibacterial action of 
p-aminobenzenesulphonamide and related compounds by itself 
explains their remarkable chemotherapeutic action. There are 
many compounds much more bactericidal in vitro—sulphonamide 
derivatives are rarely active in concentrations of less than 1 in 
10,000, whilst aorifiavine is bactericidal at from one-tenth to one- 
fiftieth of that concentration—which are useless for the treatment 
of animal or human septiccemias. Further, the action of various 
compounds of the group on different bacteria does not run parallel 
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with the curative action in vivo. Some evidence suggests that the 
immunological resources of the organism are stimulated by the 
compounds. Another possibility is that jo-aminobeuzenesulphou- 
amide is converted in the body into some still more active agent. 
The fact that p-nitrol>onzenesulphonamido is highly active suggests 
that both this and the jp-aminocompound may act by being con¬ 
verted into some intermediate form. Mayer (Mayer and Oeohslin, 
rend., 205, 181, 1937 ; R. L. Mayer, Preset Medicah, 1009, 
1937) has for instance found that the hydroxylainino derivative is 
highly active in vitro, and thinks that this may bo the real curative 
agent, but direct evidence in support of this tyjw of theory does 
not 80 far seem to have been obtained. 

Various investigators such as Vaisman, Whitby, and Fleming, 
have laid emphasis on the part played by the defensive weapons 
of the organism which are presumably more effective against the 
damaged bacteria than the drug. Much interest attaches to the 
observation by Whitby that pneumococci taken from the peritoneal 
cavity of mice a few hours after treatment with p-aminobenzene- 
sulphonamidopyridine, and before complete sterility has been 
effected, undergo characteristic changes in their appearance. Under 
the action of the drug the capsule swells and is ultimately lost. 
Some observers have noticed similar though less striking changes 
in cultures of haemolytic streptococci in the presence of ^-amino- 
benzenesulphonamide. It may be these compounds act by pro¬ 
moting the disintegration of the “ armour-plate ” defences of the 
micro-organisms and thus rendering them specially vulnerable to 
attack and destruction. 

Some experiments recently reported by Fleming {Lanc4i, 235, 
74, 1938) are in agreement with this view. Blood plasma free of 
leucocytes has little or no effect on pneumococci. When the 
leucocytes are present, some but not all the bacteria are killed. 
The addition of p-aminobenzenesulphonamidopyridine in concen¬ 
trations of 1 in 32,000 or 64,000 to the blood plasma lacking leuco¬ 
cytes gives it a strong bacteriostatic but little or no bactericidal 
action. If, however, the leucocytes are also present the organisms 
are not only temporarily prevented from multiplying, but they are 
permanently inhibited. Similar results are obtained with haemolytic 
streptococci. These observations which confirm and extend those 
of previous workers with p-aminobenzenesulphonamide, suggest 
that the leucocytes are able to deal with and destroy the bacteria 
more efficiently after the latter have been damaged by the 
drug. 

Vitamin E.—^It is now sixteen years since Evans and Bishpp 
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(Science, 56, 650, 1922) first detected the existence of a food factor 
not apparently required for growth or the maintenance of health 
but necessary for the reproductive function in both sexes. Male 
rats reared on a diet deficient in vitamin E were sterile as the result 
of failure to produce spermatozoa, whilst female rats similarly 
nourished could become pregnant, but the embryos died and under¬ 
went a process of resorption in utero. The reproductive vitamin 
which like vitamins A and D belongs to the fat soluble group was 
found to be present in various foodstufis, and is relatively abundant 
in the oil from wheat germ, whilst more recently, rice germ oil 
and cotton seed oil have also been used as sources. 

Various attempts were made to isolate the active compound, 
and it was soon found that it could be obtained in a relatively 
concentrated form in the non-hydrolysable sterol-free fraction of 
the oil. Compared to other vitamins it was surprisingly stable and 
could be distilled in vacuo at a high temperature without a serious 
loss of activity (Evans and Burr, Mem. Univ. Calif., 8 , 1927 ; 
Olcott, J. Biol. Chem., 107, 471, 1934). Drummond, Singer and 
MacWalter (Bioch. J., 29, 456, 1935) separated a higlily active oil 
the analysis of which corresiwnded with the formula CjftHftoOa, but 
in the absence of crystalline derivatives there was no guarantee 
that the compound was really pure. 

The spectacular advances achieved dmnng the past two years 
were made possible by the work of Evans, Emerson and Emerson, 
who isolated two active comj^ounds from wheat germ oil in the 
form of their allophanates. (Allophanio acid is an imstable acid 
of the formula HgN.CO.NH.COOH, and the allophanates ore formed 
by treating the crude oil with cyanic acid.) The two active com- 
}>ounds were named a- and /9-tocopherol, and the allophanates 
melted at 164"^ and 146'" respectively. a-Tocopherol, which has the 
formula C,»H*oO| is able, in doses of 3 milligrams, to restore to 
avitaminous rats the power to bear young, whilst /8-tocopherol 
is rather less active, the minimum dose being 8 mg. 
Both alcohols are oils which, once obtained pure, yield a number 
of well-defined crystalline derivatives. 

An important clue to the structure of these compomids was 
obtained by Pemholz (J. Am. Chem. Soc., 59, 1154, 1937) who 
found that a-tocopherol, when heated to SSC", yielded duroquinol 
(IV). An analogous observation was mode by John (Z. physiol. 
Chem., 250, 11 , 1937) who found that /8-tocopherol (he called his 
compound oumotocopherol, but its identity with /8-tocopherol seems 
to have been well established) on thermal decomposition yielded 
pseudo-cumoquinol (V). 
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H,C\ X 

V V 

h,c/^/\ch, 

OH 

(IV) 


OH 

^CH. 

HjC^Y '^CH, 
OH 
(V) 


A natural interpretation of these results was that a- and 
/9-tocopherol were ethers of duroquinol and pseudo-cumoquinol 
respectively with an alcohol of the formula Ci,H,aO. But various 
observations soon pointed to the incorrectness of this interpretation, 
and independently and almost simultaneously Fernholz {J. Am. 
Chem. Soc., 60, 700, 1938), Bergel, Todd and Work {J.C.8., 1938, 
235), and Karrer, Salomon and Fritsche (Helv. Chim. Acta, 21, 309 
and 620, 1938) suggested that the tooopherols were heterocyclic 
derivatives, containing either a coumarane or a chromane skeleton. 
Thus the formula for a-tocopherol would be either (VI) or (VII), 
whilst that for ^-tocopherol would be similar, except that one of 
the two methyl groups marked • is here replaced by H. 


CH, 

CH, 

HO. i 

Y ^-CH, 


/YA/C<{C„H„} 

H,C* 1 0 

/ s,/ \y C < (C, 7 H,,} 
H,C* 1 0 

•CH, 

•CH, 

(VI) 

(VII) 


Karrer surmised that the grouj) CjgH,, or C],Hat is derived from 
isoprene units like phytyl alcohol (VIII), a view supported by the 
fact that phytol is found to bo present in wheat germ oil along with 
the tocopherols. 

CH,—CH—(CHj),—CH—(CH,),—CH—(CH,),—C=CH.CH,OH 
CH, CH, CH, CH, 

(vni) 

He proceeded to prove the correctness of the suggested formula 
by a direct synthesis of a-tocopherol (Karrer, Fritsche, Ringier, 
Salomon, Helv. Chim. Acta, 21, 520, 1938). He heated phytyl 
bromide with pseudo-cumoquinol in an inactive solvent with zinc 
chlcnide as condensing agent. The product closely resembled but 
was not identical with a-tocopherol. It was, in fact, the racemic 
compound, the natural a-tocopherol being a stereoisomer (though 
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possessing little or no optical activity). This was proved by the 
fact that the synthetic compound was biologically active in a dose 
of 6 mg., and that it was resolved by fractional crystallisation as 
the bromocamphorsulphonate (Karrer, Fritsche, Ringier, Salomon, 
Nature^ 141, 1057, 1938). In this way a compound was obtained 
identical with the bromocamphorsulphonate of the naturally 
occurring a-tocopherol. 

More recently an independent synthesis has been reported by 
Bergel, Jacob, Todd and Work {Nature^ 142, 36, 1938). They find 
that phytol itself readily condenses with pseudo-cumoquinol in 
presence of zin(‘ chloride to yield racemic a-tocopherol. Both of 
these syntheses are compatible with the formulation of the compound 
as either (IX) or (X). But the w’eight of evidence appears to favour 
the latter (cf. John, Naturwiss,, 26, 449, 1938). The final settlement 
of this problem is scarcjely likely to be long delayed. 



OH, CH, 

I I 

CH.(CHa)3^Cll.(ClI,)3~> 




ai(CHa)3.CH 
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GEOLOGY. By G. W. Tybrell, A.R.C.So., D.Sc., F.R.8.E., The Uni¬ 
versity, Glasgow. 

Mbtamobphism and Mbtamorphio Rooks. —In two papers K. H. 
Scheumaim (“ Zur Nomenklatur migmatitischor und verwandter 
Gesteine,” Min. u. Petr. Mitt., 48, 1937, 297-302; “ Metatexis 
und Metablaetesis,” ibid., 402-12) discusses and clarifies the nomen¬ 
clature of injected rocks. Metatexis appears to be invasion of the 
host-rock by definite migmatitic vein-systems; metablaetesis is 
invasion by swarms of blastocrysts forming vaguely defined bodies. 

The thermodynamics of Rieoke’s principle, wluch is employed 
to explain the recrystallisation of mineral grains under regional 
nietamorphism, is the subject of an important paper by H. Seng 
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{NJ. f. Min., B.-B., 73, Abt. A, 1937, 239-308). Apparently 
the operation of the principle leads to “ pseudofluidal ’* behaviour 
of the affected rocks, and produces what is essentially a plastic 
mechanism of deformation and recrystallisation. 

In a further paper H. Seng deals with “ Die Migmatitfrage und 
der Mechanismus parakrystalliner Prftgimg ” (Oeol. Bundach,, 
XXVII, 1936, 471-92) with special reference to Riecke’s principle. 

R. Brauns (“ Sanidinite und Sanidingesteine,” Min. u. Petr. 
Mitt., 48, 1936, 248->62) opposes G. Kalb’s views of the origin of 
these rocks from the contact-metasomatism of crystalline schists 
(see Science Progress, XXXI, 1937, 614). G. Kalb (“ Sanidinite 
Oder Sanidingesteine,” ibid., 263-4) reaffirms his former conclusions. 

From work on the flinty-crush rocks of Glen Coe, R. W. van 
Bemmelen (“ Over de zoogenaamde Smeltmylonieten [= Pseudo- 
tachylieten Oeol. en Mijnbouw, 15, 9, 1936, 74-9) concludes that 
an extra source of heat, e.g. the contemporaneous granitic fault 
intrusion in the case of Glen Coe, is necessary for the formation 
of pseudotachylyte and related rocks. It is not believed that the 
rock powder arrives at complete fusion, and that the often-noted 
appearance of intrusion is due to the mobile powder being drawn 
into the fissures produced by crushing in a brittle rock. 

G. E. Goodspeed has discussed the “ Development of Quartz 
Porphyroblasts in a Siliceous Hornfels ” (Amer. Min., 22, 1937, 
133-8). Quartz is usually placed near the end of the crystallo- 
blastic series, and rarely forms euhedral crystals under conditions 
of recrystallisation. The earlier quartz crystals in the hornfels 
dealt with are irregular in shape and full of inclusions of the ground- 
mass ; but in later stages of recrystallisation the quartz clears itself 
of inclusions, and often assumes a euhedral shape, especially when 
associated with pyrites. It is believed that diffusion of volatUes 
or solutions have caused this unusual phenomenon. 

A somewhat similar mechanism is invoked by the same author 
{ibid., 1133-8) for the origin of plagioclase porph 3 Toblast 8 in biotate- 
and hornblende-bearing hornfels formed near granite contacts in 
N.E. Oregon. The final stage of the process produces rocks of 
distinctly igneous aspect. 

Dealing with the “ Paragenesis of Kyanite-eclogites,” C. E. Tilley 
{Min. Mag., XXIV, 1936, 422-32) suggests that the appearance of 
kyanite as a mineral phase in eclogites results from the presence 
of alumina in excess of the amount that can be accommodated in 
the usual bimineralio pyroxene-garnet assemblage. The chemical 
composition of kyanite-eclc^tes agrees with that of the Porphyritic 
Central Magma type of the Hebridean region. 
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AiiBing oat of the foregoing investigation C. E. Tilley has 
studied the “ Paragenesis of Kyanite-amphibolites ” {Min. Mag., 
XXIV, 1937, 656-68). In view of the known ability of kyanite 
substance to migrate during stress metamorphism, it is suggested 
that the origin of kyanite in these amphibolites is traceable to 
migration and segregation during the conversion of eclogites into 
the amphibolite stage. 

In describing “ Anthophyllite-cordiorite-granulites of the Lizard,” 
C. E. Tilley {Geol. Mag., LXXIV, 1937, 300-9) remarks that the 
anthophyllite-oordierite assemblage provides a good example of 
mineral convergence in metamorphism. The Fennoscandian sul¬ 
phide-ore fields exhibit it as derived from the metasomatism of 
siliceous leptites. The Lizard area affords examples of its derivation, 
(a) by metasomatism of basic igneous rocks, and [b) by regional 
metamorphism of argillaceous sediments. 

“ Cummingtonite-bearing Rocks from the Lewisian ” are des¬ 
cribed by C. E. Tilley {Oeol. Mag., LXXV, 1938, 76-81). Three 
types are distinguished : (1) Cummingtonito-gamet-schist ± quartz ; 
(2) Curamingtonite-garnet-sideroplesite-ankerite-scliist; and (3) 
Banded quartz-knebelite-magnetite-schist with accessory garnet and 
cummingtonite. Both cummingtonite and knebelite in these rocks 
are believed to have been derived from reactions between ferruginous 
carbonates and quartz, the original rocks being carbonate-rich 
ferruginous and magnesian sediments. 

F. C. Phillijis’s “ A Fabric Study of some Moine Schists and 
Associated Rocks ” {Qtuifi. Joum. Oeol. Soc., XCIII, 1937, 681-620) 
is valuable, not only in regard to the metamorphism of the Moine 
Schists, but also because of the introductory section, which gives 
a concise general account of OefUgekunde (petrofabrics or petro- 
tectonics), and English equivalents of the many recondite technical 
terms that have been invented by German authors. On the basis 
of this method of study Dr. Phillips suggests that the Moines arrived 
at their present state of regional metamorphism by a deformation 
acting along approximately S.W. to N.E. lines, subsequently to the 
intrusion of the Cam Chuinneag and Inchbae augen-gneisses, but 
prior to the dislocation-phase of the Caledonian movements. 

In his memoir on “ Metamorphie Correlation in the Polymeta- 
morphic Rooks of the Valla Field Block, Unst, Shetland Islands,” 
H. H. Read {Trans. Roy. Soc. Edin., LIX, Pt. I, 1937, 195-221) 
shows that three metamorphisms under very different physical 
oonditions have affected the rooks of the western part of Unst. 
The mineral assemblages produced during each metamorphism in 
rocks of different composition—^politic, calcareous, siliceous, mig- 
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matitic, granitic and homblendio—have been correlated both iao- 
physically and isochemically. It is conclnded that in polymeta- 
morphism the stability of an assemblage depends on the bulk- 
composition of the rock, and that the minerals produced cannot 
be considered apart from the rocks in which they occiur. 

C. E. Tilley describes “ Eulysites and Related Rook Types from 
Loch Duich, Ross-shire ” {Min. Mag., XXIV, 1936, 331-42), and 
concludes that these iron-rich fayalite-bearing rocks have been 
derived by high-grade metamorphism from some type of ferruginous 
sediment. 

“ Eclogites in the Neighbourhood of Glenelg, Inverness-shire,” 
described by A. R. Alderman {Quart. Joum. Geol. Soc., XCII, 1936, 
486-630), occur as bands and lenticles restricted to inliers of Lewisian 
Gneiss, and have the same N.N.E.-S.S.W. strike as the limestones 
and igneous gneisses of the Lewisian complex. The true eclogites 
form cores to bands composed of amphibolised cclogite, garnet- 
amphibolite and hornblende-schist, which have been injected by 
the acid members of the Lewisian gneiss. It is believed that the 
edogite bodies have formerly been of considerably greater extent, 
and that much of the surrounding banded gneiss is of eclogitio 
parentage. 

In a paper on “ Der Eklogito von Gilsberg im S&chsischen 
Granulitgebirge und seine metamorphen Umw'andlungsstufen,” H. 
Hentschel {Min. u. Petr. Mitt., 49, 1937, 42-88) suggests the deriva¬ 
tion of edogite from peridotite by, first, the formation of a pyroxenite 
facies through the reaction of peridotite with granite-pegmatite 
solutions, and then the de-mixing of the early pyroxenes into garnet 
and pyroxene with recrystallisation. 

An “ intracrystalline ” conglomerate horizon with its accom¬ 
panying coarse and fine clastic sediments, which occurs within the 
East Sudetio Block, is described by K. H. Scheumann in his paper 
on “ Konglomerattektonite und ihre Begleitgesteine in der epizonalen 
Sohieferscholle sfidlich von Strehlen in Schlesien ” {Min. u. Petr. 
Mitt., 48, 1937, 326-72). The sedimentary series carries material 
derived from an older granite, now the Strehlen Gneiss. This 
occurrence is of regional significance for understanding the pre- 
orystalline composition of the East Sudetio Block, and of general 
significance for the study of mixed gneisses. 

A. Schiiller directs attention to striking petrographic and teotonio 
phenomena in the gneisses of the Fichtelgebirge {Oeol. Bundach., 
XXVII, 1936, 269-76). They have all suffered an epizonal dis- 
looation-metamorphism which has transformed them largely into 
mylonite-gneisses. In the contact-zones of the Variscian granites, 
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the gneisses have been reconstituted under katazonal conditions. 
Finally, a largenscale tectonic of Alpine type has given rise to 
extensive crumpling of the rocks. 

According to H. Ebert {“ Homfelsbildung und Anatexis im 
Lausitzer Massiv,” Zeitschr. d. Derdsch. Qeol. Oea., 87, 1936, 129-47), 
the Lausitz granite mass is intruded into sediments of granite-like 
composition. On its northern border the Kulm groywackes and 
slates have suffered normal homfelsing; but largo masses of the 
same sediments in the interior of the intrusion have been com¬ 
pletely granitised, their composition, of course, greatly facilitating 
the transformation. The “ two-mica ” granite of Lausitz is regarded 
as the final product of the granitisation process. 

The following are three recent studios on metainorphism from 
the region of the Alps : F. Angel and R. Staber, “ Migmatito des 
HochsJm-Ankogel-Gruppe (Hohe Tauem) ” {Min. u. Petr. Mitt., 
49, 1937, 117-67); P. Kiimel, “ Cber basische Tiefengesteine der 
Zentralalpen und ihre Metamorphose” {ibid., 416-41); H. Wie- 
senader, “ ErgEnzungen zu den Studien fiber die Metamorphose in 
Alt-Krystallin des Alpon-Ostrandes ” (ifrid., 48, 1937, 317-24). 

“ Geological Observations in the 0{)daI-Sunndal-Trollheiraen 
District,” by O. Holtedahl {Norsk. Qeol. Tidsskr., 18, 1938, 29-63), 
lead to the conclusion that the rocks of this district in southern 
Norway, formerly thought to bo Arcbtean, are mainly Eo-Oambriau 
feldspathic sandstones (Sparagmite) in a highly metamorphic facies. 
It is shown that non-metamorphic Sparagmite grades into a schistose 
variety, and that into granulitic tyi)es. T. F. W. Barth {ibid., 
64-66) describes this progressive metamorphism, which was accom¬ 
panied by regional metasomatism involving an increase in the 
proportions of soda and alumina. Solutions from which albite 
was precipitated i^rmeated the Sparagmite sediments along the 
Caledonian folding zone. The basal gneisses of Opdal are inter¬ 
preted as migmatitised Sparagmites. 

An important memoir by L. Royer on “ Les terrains crystallo- 
phylliens des massifs d’Alger et de la Grande Kabylie ” {B%M. Sirv. 
Carte Oiol. de I’Algerie, 6® S6r. P6trographie, No. 2, 1937, 70 pp.) 
deals with a formation of sericite-chlorite-sohists, mica-schists, 
gneisses, cipolins and amphibolites, which underlies the Burdigalian, 
and is probably to be correlated with pre-Devonian metamorphic 
formations which occur in other parts of Algeria. The original 
sediments first suffered a regional metamorphism, and later, powerful 
movements which produced an extensive series of mylonites. 

In his paper ” L’Emeri de Samos,” J. de Lapparent {Min. «. 

Mitt., 49 , 1937, 1-30) shows that the rooks of Samos which 
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have been called “ emery ” are pisolitic types with diaspore, but 
devoid of true corundum. They have probably been derived from 
diaspore-bearing bauxites, first by shearing stress with the re- 
crystallisation of diaspore and the formation of magnetite and 
chloritoid, and secondly by the epitaxial formation of a mixture 
of aluminous spinel and taosite (titanoferrous corundum). The 
name aamoaite is proposed for this series of rooks resulting from 
the metamorphisin of ancient bauxites. 

Discussing the “ Origin of the Emery Deposits near Peekskill, 
New York,” J. W. Butler, Jr. (Amer. Min., 21, 1936, 637-74) 
shows that they are of contact-metamorphic (pyrometasomatic) 
origin, and were formed during the early liquid-magmatic stage of 
the basic Oortlandt intrusions by the passage of emanations through 
the country-rocks consisting of Manhattan Schists. 

In the second part of his “ Structural and Petrologic Studies 
in Dutchess County, New York,” T. F. W. Barth deals with the 
” Petrology and Metamorphisin of the Palseozoic Bocks ” {BuU. 
Oeol. Soc. Amer., 47, 1936, 776-860). Three different mineral 
facies occur in the Hudson River Slate as it is traced from N.W. 
to S.E.; the muscovite-slate facies, the kyanite-schist facies, and 
the sillimanite-gneiss facies. There are also local developments of 
chlorite-schist, glaucophane-chlorite-schist and chloritoid-sohist. 
The argillaceous sediments grade into gneissic rocks through the 
intermediate stages of slate, phyllite and schist. The conclusion 
is reached that, during the erogenic period, the sediments were 
heated and stewed in liquids of magmatic and anatectic origin, 
which reacted with the sediments and metasomatically transformed 
them into well-defined types of schists and gneisses. This memoir, 
in which eighteen new chemical analyses of metamorphic rooks are 
given, is full of interesting and important detail on metamorphism, 
which defies short summary. 

A memoir comparable in size and importance to the foregoing 
is M. P. Billings’s ‘‘ Regional Metamorphism of the Littleton- 
MoosUauke Area, New Hampshire ” {BuU. Oeol. Soc. Amer., 48 , 
1937, 463-666). The region consists of a great variety of sedi¬ 
mentary and igneous rocks in various stages of metamorphism. 
Plutonic rocks of several ages are abundant, and the New Hampshire 
Magma Series was contemporaneous with the main folding of 
Palaeozoic (post-Devonian) age. A progressive increase in the 
intensity of metamorphism towards the south-east is ascribed to 
increasing temperature, probably due to the great abundance of 
igneous intrusions in that direction. Migrating solutions and strMS 
have also played considerable parts in the metamorphism. 
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In a paper on “ Introduction of Potash during Regional Meta- 
morphism in Western New Hampshire ’’ the same author {ibid.^ 
49, 1938, 289-302) shows that argillaceous sediments first recry- 
stallised, oven in the sillimanite zone, without significant change 
in chemical composition except loss of water ; but in a later meta- 
somatic phase, potash was introduced with a consequent increase 
in the potash-alumina ratio. The earlier stage was regional in its 
incidence, but the later stage was local, leaving areas of sillimanite- 
schist untouched. 

M. P. Billings and R. P. Sharp have carried out a petrofabric 
study of a high-grade mica-schist from Mt. (Plough, New Hampshii’e, 
which contains a practically undistorted fossil Sjnrifer {Amer, 
Joum. Sci., XXXIV, 1937, 277-92). The rock is shown to l>e a 
good tectonite. It is concluded that the diflerential motion of the 
rock involved slipping of sheets of minerals past one another t)araUel 
to the original bedding. If the individual grains had rolled to any 
extent, the fossil would certainly have been destroyed. 

F. Fitz Osborne describes the structure and composition of 
Grenville rocks and their relation to the neighbouring red granite- 
gneisses in his paper on “ Petrology of the Shawinigan Falls District 
(Ontario) ” (Bull, Oeol, Soc. Amer,, 47, 1936, 197-228). The lower 
part of the Grenville consists of amphibolites derived from basic 
volcanic rocks ; the upper part is the result of high-grade meta¬ 
morphism of sedimentary rocks. In both series the metamorphism 
belongs to the sillimanito grade. 

According to R. W. Chapman, the “ Contact-Metamor]>hic 
Deposit of Round Valley, California” (Joum, Oeol., XLV, 1937, 
869-71) consists of a roof-pendant of limestones, argillaceous sand¬ 
stones and pure sandstones, entirely surrounded by granite. The 
sandstones have been changed to hornfels, and the limestones to 
complex lime-silicate rocks and marbles. The rocks contain timgsten 
in the form of scheelite. 

In his paper on The Contact Zone of Sheep Creek, Montana,” 
J. H. Taylor (Oeoh Mug,, LXXV, 1938, 219-26) describes the 
effects of lamproph 5 nric intrusions on a series of Cambrian shales 
and limestones. Calc-silicates have been formed in the limestones, 
but the shales have been little affected. Silica, alumina, iron, and 
especially magnesia, have been introduced by hydrothermal solutions 
into the altered rocks. 

The study of metamorphism in New Zealand progresses apace 
in the hands of P. J. Turner and his colleagues. In a paper on 
the ” Interpretation of Sohistosity in the Rocks of Otago, N.Z.,” 
P. J. Turner (Tram. Roy. 8oc, N.Z., 66, 1936, 201-24) traces the 
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history of the terms sohistosity and foliation, and applies the petro- 
fabricB method to Otago schists with sub-horiiontal or uniformly 
tilted sehistosity, to which Daly’s hypothesis of load-metamorphism 
might bo applied. In such rocks the fabric should be symmetrical 
about a line perpendicular to the sehistosity ; but most of the 
rocks investigated show a pronounced linear element suggestive of 
symmetry about a line lying within, or inclined at a low angle to, 
the sehistosity. The rocks are tectonites whose complex fabrics 
have been determined by shearing along low-hade thrusts, and the 
hypothesis of load-metamorphism is thereby excluded. 

The same author has described “ The Metamoiphic and Plutonic 
Bocks of Lake Manapouri, Fiordland, N.Z.” 67, 1937, 83-100 ; 

227-49). The oldest rocks are steeply dipping, regularly banded 
paragneisses containing interstratihed igneous rocks and tuffs of 
both basic and acid characters. This basement series has been 
injected by a great, compound, s 3 mcbronous batholith of trondh- 
jemite and oligoclase-granite with their accompanying pegmatites. 
This mass is believed to have been squeezed up while folding move¬ 
ments were in progress, and immediately after the metamorphism 
of the invaded gneisses. The Pomona Island Granite, however, is 
regarded as a subsequent batholith intruded under totally different 
physical conditions after the compressional movements had almost 
ceased. 

A general account of “ Progressive Begional Metamorphism in 
Southern New Zealand ” is given by F. J. Turner (Oeol. Mag., 
LXXV, 1938, 160-74) on the basis of work carried out during the 
last ten years. A brief summary of the mineral assemblages in 
the various metamorphio zones is given, and attention is drawn 
to certain mineralogical and structural peculiarities which differ* 
entiate the New Zealand schists from those of classical European 
areas. The early crystallisation of biotite without intervening 
development of chlorite is discussed, and it is suggested that this 
phenomenon is due to increased temperatures imder the influence 
of rising granitic magmas. 

INVERTEBRATE PAXJEONTOLOGY. By H. Dighton Thomas, 

M.A., Ph.D., F.O.S., British Musoum (Natural History), 

Ak important revision is that carried out by J. Bridge and 6. H. 
Girty, who have given “ A Redescription of Ferdinand Roemer’s 
Paleozoic Types from Texas,” in V.8. Oeol. 8vrv. Prof. Paper, 
CLXXXVI M, 1937, 239-71. The descriptions are accompanied 
by new figures of the types, and by figures of topotypes, as well as 
of other species considered synonymous with Roemer’s speokM. 
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The Btratigraphical horizons of the specimens have been aoourately 
determined, and the geographical distribution of several of the 
forms has been much extended. 

“ Ordovician and Silurian Faunas from Arctic Canada ” are the 
subject of a long memoir by C. Toichert, Repl. Fifth Thule Exped. 
1921-24, I, 6, 1937, 1-1(59 (reprinted in Mus. Min. Geol. Univ. 
Copenhague, Comm. Paleont., LIX, 1937). The evidence points to 
the greater jiart of the Ordovician faunas being of Trenton age, 
while three distinct Ordovician transgressions can probably be 
distinguished in the Arctic regions. The Silurian fossils which Dr. 
Teichert describes are all of Niagaran age. 

The same author describes a new basal Trenton fauna from 
Washington Land, North Greenland, in Meded. om Gronland, CXIX, 
(1), 1937, l-6f), while the three Lower Ordovician faunas of East 
Greenland which 0. Poulsen analyses (ibid., CXIX, (3), 1937, 1-72) 
can be correlated with the British Tremadocian, the American 
Upper Canadian and the American Chnzyan respectively. 

W. H. Twenhofel deals with the “ Geology and Paleontology of 
the Mingan Islands, Quebec,” in Oeol. 8oc. Amer. Spec. Papers, XI, 
1038, 1-132. The fossils come from the Romaine and Mingan 
formations, and show that the former is to be correlated with the 
upper part of the Beekmantuwn formation, and the latter with the 
Chazy formation. Several of the species are new, and there is one 
new genus of cephalopoda. 

R. R. Shrock and G. 0. Raasch (Amer. Midi. Nat., XVIII, 1937, 
632-607) have examined the fauna of the highly disturbed Ordovician 
rooks near Kentland, Indiana, and show that the fossils, which 
occur at three faunal horizons, are of Black River age. They 
include corals, stromatoporoids, bryozoa, brochiopods, many pelecy- 
pods and gastropods, some copbalo]>ods, trilobites and ostracods. 

The “ Fauna der Sandsteine von Golonog,” which is described 
by 8. Weigner in BuU. Serv. Oiol. Pohgne, IX, (2), 1938, 3-79, is 
considered to belong to the upper part of the Lower Carboniferous. 
It is essentially moUuscan in character (including some oephalopods), 
but contains other groups as well. 

T. 8. Jones recognises two easily distinguishable formations as 
a result of his study of the ” Geology of Sierra do la Pefia and 
PalsBontology of the Indidura Formation, Coahuila, Mexico,” BuU. 
Oeol. 8oe. Amer,, XLIX, 1988, 69-160. The Middle Albian Aurora 
formation yields braohiopods and molluscs, with rudistids common 
towards the top, while in the Indidura formation (Middle Albian- 
Turonian) mollusoa are numerous and include abundant ammonites. 
Thus, though the sea withdrew firom the United States at the end 
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of the Albian, it persisted in parts of Mexico throughout much of 
later Cretaceous times. 

In addition to discussing the stratigraphy of the coastal region 
of Syria, L. Dubertret and others write on its paleontology {HatU- 
Comm. MSpub. FranQ. Syrie Liban Serv. Trav. Pitbl. Sect. Etvdes 06ol. 
Notes Mem., II, 1937,1-230). Jurassic and Cretaceous hydrozoa are 
represented, as well as Aptian and Albian echinoids, and ammonites 
from Albian to Senonian horizons. These faunas point to com¬ 
parisons with the western Mediterranean. In addition, Eocene 
rooks are also present, and yield a Lutetian suite of larger 
foraminifera. 

“ The Lower Cambrian Oleneilus Zone of the Appalachians ” 
yields a fauna considered by C. E. Resser and B. F. Howell {Bull. 
Qeol. Soc. Anter., XLIX, 1938, 195-248) to be either closely related 
to or identical with the Olendlus faunas of the lower Mount Whyle, 
Hota, and Eager formations of British Columbia. Its generic 
assemblage suggests that it is ancestral to the Burgess Shale fauna, 
which contains almost all the genera represented in the Appalachian 
OleneUtis fauna except the Olenellids. Noteworthy elements, in 
addition to the trilobites, are the gastropods and also the fragile 
fossils preserved in the Kinzers formation. 

C. E. Resser analyses the “ Middle Cambrian Fossils from Pend 
Oreille Lake, Idaho,” in Smithson. Misc. Coll., XCVII, (3), 1938, 
1 -12. The area is isolated from other Cambrian outcrops. Its 
strata include three Middle Cambrian horizons, the uppermost two 
yielding fossils which indicate their relation to the Mount Stephen 
formation. Middle Cambrian trilobites are also described from 
West Sayan, Siberia, by O. K. Poletayeva in Rec. Qeol. West Siberian 
Region, XXXV, 1936, 26-54, who shows that they must have lived 
in an extremely isolated basin of deposition, but were related to the 
North American fauna. 

P. T. Cox discusses “ The Genus Loftusia in South Western 
Iran ” {Eclog. geol. Hdvet., XXX, 1937, 431-50), and recognises 
five valid species, of which three are new. He points out that their 
initial microspheric spires closely resemble the spire of ChoffateUa 
decipiena Schlumb. in equatorial section, and Cyclammina in axial 
section. He considers it most probable that Loftusia was derived 
from a Lituolid ancestry. 

H. Bartenstein and E. Brand have contributed an important 
article on “ Mikro-palftontologisohe Untersuchungen zur Strati- 
graphie des nordwest-deutsohen Lias und Doggers,” in AbhanM, 
Senckenberg. Nat. Oesellsch. Frankfurt, 439, 1937, 1-224. They 
show that there is a definite stratigraphical distribution of the 



rsr\rERTKBRATE PALiEONTOLOOY 


313 


foraminiferal assemblages in the rooks with which they deal. Similar 
results have been obtained by W. Mohler for some foraminifera from 
horizons ranging from Bajocian to Kimmeridgian in Northern 
Switzerland. There the foraminiferal faunas reflect the facies 
conditions (AbJiandL Schweiz. Palaeont. Gesdlsch., LX, 1938, 1-53). 

Palaeozoic stromatoporoids from Victoria are the subject of three 
pai>ers by E. A. Ripper {Proc, Roy. Soc. Vici.y XLIX, (2), new series, 
1937, 178-205 ; ibid., XL, (1), new series, 1937, 1~8, and 11-38). In 
the first of these, Miss Ripper shows that the stromatoporoid fauna of 
the Lilydale Limestone has little in common with that of the British 
Wenlock, but that its advanced characters point rather to a correla¬ 
tion with Eurojican and North American Devonian faunas. She 
shows, in the second paj^er, that the stromatoporoids of the Yeringian 
of Ix)yola appear to be older than the Lilydale fauna. On the other 
hand, the assemblages from the limestones of the Buchan district 
(with which the third paper deals) have, in the main, definite Middle 
Devonian affinities, though some typical Wenlock species persist. 
The limestones at Rocky Camp, however, may be on a lower horizon 
because of the high proportion of Upper Silurian and Lower Devonian 
forms. 

G. A. Kellaway and S. Smith describe the first Jurassic stromato- 
poroids from England (Qtuirt. Joum. Geol. Soc. London, XCIV, 1938, 
321-30), and figure two French fonns at the same time. The 
English specimens are from the Aalenian and Vesulian and appear 
to be the oldest Jurassic stromatoporoids known. Upper Jurassic 
hydrozoa (including stromatoporoids) and some corals are described 
from Italian East Africa by R. Zuffardi-Comerci in Palaeont, ital., 
XXXII, suppl. 3, 1938, 1-3. 

In ‘‘ Some Further Considerations on Trends in Corals,” W. D. 
Lang {Proc. Geol. Assoc.., XLIX, 1938, 148-59) shows that trends 
may appear within a family, a genus, or even a single species. One 
consequence of their operation is that the orthodox genera cut 
across the lineages. Moreover, certain genera, hitherto considered 
distinct, owe their differences to the temporary expression of a 
trend. Thus, certain generic names should lapse as systematic 
units, but Dr. Lang advocates their retention as morphological 
terms to indicate such genomorphs, as he has termed them. He 
applies the principles he advocates to the Devonian corals of the 
group of Disphyllum, and shows that several trends and genomorphs 
can be recognised. 

G. A. Stewart gives a critical systematic study of the coral- 
fauna of a long-famous coralliferous group in her paper Middle 
Devonian Corals of Ohio (Oeol. Soc. Amer. Spec. Papers, VIII, 
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1938, 1-120). One hundred species are disoussed, and are divided 
among 31 genera, of which one is new. The distribution of the 
species both stratigraphioally and geographically within the state 
is also dealt with, and the authoress shows that 78 are represented 
in the Colombus Limestone. 

Other important papers on corals are the following : L. B. 
Bukhin, “ The Description of some Favosites from the Upper 
Silurian-Lower Devonian Deposits of the Transbaikal District,” 
Scient. Mem. Leningrad State Boubnoff Univ., X, 1936, 96-110; 
W. Weissermel, ” Eine altpalaozoische Korallenfauna von Chios,” 
Zeii. Deut. Oeol. Oeeellsch., XC, 1938, 65-74 ; O. H. Schindewolf, 
“ Zur Kenntnis der Gattung Zaphrentia (Anthoz., Tetraoorall.) und 
der sogenannten Zaphrentiden des Karbons,” Jdhrb, Preusa. Oeol. 
Landeaanat., LVIII, 1938, 439-54. 

“ Some Aspects of Evolution in Ecbinodermata,” by W. K. 
Spencer (in “ Evolviion : Eaaaya on Aapecta of Evolutionary Biology 
presented to Profeaaor E. S. Goodrich on hia Seventieth Birthday." 
Edited by G. R. de Beer, 1938, Clarendon Press, Oxford), is oon- 
oemed essentially with the feeding mechanism of the group. On 
this basis, Dr. Spencer proposes a new classification dividing the 
Echinodermata into Dactylozoa and Podozoa. The former had 
no tube-feet but collected their food by ciliary currents created on 
long thin projections (“ fingers ” or “ brachioles ”): these comprise 
the Cystoidea, the Blastoidea, the Edrioasteroidea, and Dendrocystis 
and its allies. The Podozoa, on the other hand, had tentacles, and 
include the Crinoidea, the Asterozoa, the Echinozoa, the Holothur- 
oidea and the extinct Carpoidea. 

E. W. MacBride and W. K. Spencer give detailed accounts of 
the structure of ‘‘ Two new Echinoidea, Aulechinua and Ectine- 
chinua, and an Adult plated Holothurian, Eothuria, from the Upper 
Ordovician of Girvan, Scotland,” in Phil. Trans. Boy. Soo. Land., 
B, CCXXIX, 1938, 91-136. The two echinoids are like most 
Palffiozoic forms in having interambulacral areas composed of 
many rows of plates and a flexible test, but show characters more 
primitive than those known in early echinoids. Some of these 
features can be directly associated with primitive features which 
can be deduced from the embryology of Recent forms. Auleohiams 
has the general shape of a regular urchin, but Eetinechinus is elon* 
gated like an irregular echinoid, differing, however, in that the 
ambulacra terminate apically in a ring round the anus. The forma: 
probably rested under sand, whereas the latter almost oerteinly 
burrowed. The belief that Eothuria is the first-known xdeted 
holothurian is supported by the absence of ocular plates, and by the 
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ambulaoral pores being unlike those of any known eleutherozoan. 
This form almost certainly burrowed. 

U. S. Grant IV and L. G. Hortlein have monographed “ The 
West American Genozoic Echinoidea ” in P-ubl. Univ. California 
Loa Angeles Math. Phys. Sci., II, 1938, 1-225. Necessarily, a few 
new genera and sjiecies are createtl by the authors. 

“ Types of Carboniferous Bryozoa of the European Part of the 
U.S.S.R.” are described by A. Nikiforova in Paleont. U.8.8.R. 
Acad. 8ci. U.8.8.R., IV, (5), fasc. 1, 1938, 1-290. The classic 
collections of Keyserling, Eichwald, and Stuckenberg were examined, 
as well as new ones made at their type-localities and at those of 
Fischer. This revision of a neglected group of common Carboni¬ 
ferous fossils (and a few Lower Permian forms are also considered) 
shows that the species are well-characterised. Several new genera 
and species are erected. 

Rhaetic |)olyzoa are of infrequent occurrentio, so that their 
discovery by P. Prantl in beds of that age in the Carpathians is 
important. He describes a new species of Rerenicea and a species 
of 8tomatopora m “ Erster Fund von Bryozoen in dem Kaiq>athischcn 
Rh&t ” {Zentralb. fllr Min., etc., 1938, B, 262-4). 

“ Brachiopoda of the Cambrian and Silurian Systems of U.S.S.R., 
Fasc. 1, Upper Silurian Brachiopoda of the Central Asiatic Part of 
U.S.S.R.” form the subject of an important work by A. Nikiforova 
in Paleont. U.8.8.R. Monog., XXXV, 1937, 1-93. As far as the 
material allowed, attention was paid to the internal structures as 
well as to the exteriors of the valves. New genera, sub-genera, 
and species are described by the authoress, who finds that the Upper 
Silurian brachiopoda with which she deals are related to those of the 
Urals and Bohemia. 

The Devonian Cedar Valley Limestone of Iowa yields abundant 
species of Atrypa and Stropheodonta, which have been examined 
by M. A. Stainbrook (Joum. Paleont., XII, 1938, 229-66). Most of 
the species are well characterised smd short-ranged, so that they are 
good horizon-markers. None of the species occurs in the Devonian 
beds of Missouri or of eastern North America. 

The Chonetidse of the Pennsylvanian and Permian of North- 
Central Texas are also useful zone-markers, because of their limited 
range and wide distribution. The associated Produotidee, however, 
are less useful, being more restricted geographically. Both families 
are considered by R. H. King (ibid., 267-79). 

A. P. Ivapov and E. A. Ivanova have published the results of 
their studies on the Brachiopoda of the Middle and Upper Carboni¬ 
ferous of the Moscow Basin (Neospirifer, Choristites)," in Trav, Inst, 
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PdUozool. Acad. Set. U.R.8.8., VI, (2), 1937, 1-216. The degree of 
development of the apical callosity and the size of the apical plates 
are good criteria for the identity of the species of Neoapirifer. The 
internal structures of Choriatites were also analysed, and the authors 
were able to study variation in the plates. The distribution of the 
species in the Moscow Basin is also shown to be of stratigraphical 
value. 

In “ Notes on the Morphology of 8chizophoria T. N. Cleorge 
and D. R. A. Ponsford, Trans. Leeda Geol. Aaaoc., V, (4), 1936-7, 
(1938), 227-45, show that in some species the punctoe do not certainly 
pass completely through the test. The cardinal process is markedly 
variable in the small group of British sjjecies, while thebrachiophore 
plates appear to be strongly develojjed. The muscle field of the 
ventral valve is divided by a prominent septum, which is of variable 
development within a species. 

The “ Gastropoda. Teil 1 : Allgemoiner Teil und Proso- 
branchia ” are considered by W. Wenz (Handb. Paldozool., VI, 1938, 
1-240). Sections dealing with the anatomy, morphology, ecology, 
and views on the phylogeny of the gastropods, are followed by 
diagnoses and figures of the many genera known. 

The gastrojjods of the important Permian occurrence at Sosio, 
Sicily, are revised by B. Greco in “ La Fauna Permiana del Sosio 
conservata nei Musei di Pisa, di Firenze e di Padova,” Paleont. 
ital., XXXVII, 1937, 57-114. They support the conclusions based 
on the ammonite evidence of the correlation of the Sosio limestone 
with the WeuigemKeraa zone of Guadeloupe and the Upper Artinskian 
of the Urals. 

J. Gardner describes “ The Molluscan Fauna of the Alum Bluff 
Group of Florida. Part VI. Pteropoda, Opisthobranchia, and 
Ctenobranchia (in part) ” in U.8. Oeol. 8urv. Prof. Paper, CXLII 
F, 1938, 261-436. She deals with 241 species and sub-species, but 
less than 10 per cent, are common forms. The Terebras and turritids, 
and certain other groups, are littoral forms and sharply reflect the 
ecology and the relationship of the fauna to that of shores near by. 

A revision of “ The Claibomian Scaphopoda, Gastropoda and 
Dibranchiate Cephalopoda of the Southern United States ” has 
been carried out by K. V. W. Palmer (j8ull. Amer. Paleont., VII, 
32, Part I (Text), Part 2 (Plates), 1937, 1-730). This large mono¬ 
graph is concerned with the systematics of those mollusoa, and 
includes descriptions of several new forms. 

L. F. Spath reaches some unexpected conclusions as a result of 
his elaborate studies which are published in " A Catalogue of the 
Ammonites of the Liassic Family Liparoceratidae in the British 
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Museum (Natural History),’* Cat. Brit. Mua. Nat. Hist., 1938. 
Contrary to generally accepted opinion, Dr. Spath, on incontestable 
stratigraphical evidence, concludes that the more or less involute, 
often spheerocono Liparoceratids were ancestral to the more evolute 
(dimorph) forms, and that these in turn gave rise to the capricorns, 
which arc the most evolute Liparoceratids. Further, he shows that 
new characters have arisen caBnogonetically, so that, in this group, 
recapitulation in ontogeny is no criterion of the evolution. 

All workers on ammonites will welcome the large volume by 
P. Roman on “ Lcs Ammonites jurassiques et cr^tacees. Essai 
de Genera ” {4to, Paris). The author states and figures the gono- 
ty|>es of the various genera, and discusses the validity of the latter. 

In a pajKjr on “ Ammonites of the Taraises Formation of Northern 
Mexico ” {BuU. Oeol. 8oc. Amer.y XLIX, 1938, 539-602), R. W. 
Imlay is able to show that the stratigraphical divisions of that 
Neocomian horizon can be recognised over a wide area in Mexico, 
and that it contains a large and distinctive fauna. Several of the 
species and two of the genera described are new. 

A. K. Miller and W. M. Furnish describe the representatives of 
the nautiloid genus Aturia in the Eocene and Oligocene of Mexico, 
and, as a result of a discussion of the morphology and phylogeny 
of the genus, conclude that the recognition of subgenera is impractic¬ 
able (Joum. Paleont., XII, 1938, 149-55). 

“ Triopsiden (Crust. Phyll.) aus dem Keuiw Frankens ” is a 
paper by F. Trusheim on the structure of a new species of phyllopod. 
Such a wealth of material is available that the ventral as well as 
the dorsal surfaces can be reconstructed {Pahvont. Zeit., XIX, 
1937, 180-98). 

E. R. Eller gives ‘‘ A Review of the Xiphosuran Genus Belinurus 
with the Description of a new Species, B. alleganyensisy' Arm. 
Carnegie Mua.^ XXVII, 1938, 129-60. All the species known and 
available to the writer are figured by him. Like other Devonian 
forms, the new species was found in marine strata, whereas the 
Carboniferous and Permian species are limited to fresh or brackish 
water deposits, though Jurassic and Recent Limuloids are again 
found in marine sediments. If the assumption be true that the 
place of burial indicates the habitat, then it is suggested that the 
changes in habitat stimulated and then arrested evolution, thus 
making forms of the Limulida good examples of persistent types. 

Q. Zalessky writes Sur un repr6sentant d’un nouvel ordre 
d’insectes permiens ” in Ann. Sac. gM. Nordy LXI, 1930, 60-71. A 
new order Hemipsocoptera is erected for a specimen from near 
Perm, which is represented by the impression of the complete 
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inseot. Dr. Zalessky considers that the new order is close to, and a 
direct descendant of, the common ancestors of the Psoooptera and 
the Homoptera. 

BOTANY. By Pbofessor E. J. SAUSBUitY, D.Sc., F.B.8., University 
College, London. 

Thb Flora of Oland is the subject of a monograph by Rikard Sterner, 
which is illustrated with nearly 300 distribution maps {Ada PhyU>~ 
geographica Suecica, IX, 170 pages and 64 jiages of maps, 1938). 
This island, which is about 130 kilometres long, is mainly csalcareous 
and boasts a flora of some 1050 species, of which about 820 are 
regarded as indigenous. Of the 200 species regarded as associated 
with human activities about 120 are considered as old-established 
species, whilst amongst those classed as “ neosynanthropen ” are 
AquUegia vuigaris, Beilis perennia, Berberia mlgaria, Daucua carota, 
Ptutinaca aatim and Sambuma nigra. About 10-8 per cent, of the 
total area is occupied by woodlands which have not been planted, 
of which half is deciduous woodland, about 23 per cent. Pinna 
aylveatria woodland and 1 per cent. Picea excelaa. The information 
afforded by the numerous maps is too varied to summarise here, 
but attention may be drawn to the wide distribution on this island 
of species which are rare members of the continental element in 
the British Flora. Thus Orchia uatiUata occurs in a number of 
localities throughout the island, and another marked calcicole, 
namely Seaeli libanotia, though more sparsely distributed, is shown 
as occurring in a number of stations both in the north and the 
south of the island. The study of these distribution maps brings 
home to one the importance of the edaphic factor, especially for 
species approaching the northern limit of their geographical range. 

A paper by H. N. Ridley (Jour. Bot., LXXVT., 144) calls atten¬ 
tion to the distinctions between Arum negledum (Townsend) Bidl. 
and Arum Ualicum. The former is confined to the south of England, 
the Channel Islands and the north coast of France and is held to 
be quite distinct from the continental A. italicum, which is mainly 
south European and north African in its distribution. In both, 
the leaves are formed at the end of the year, that is they are winter 
green species in contrast with the vernal A. macuiatum. Whereas 
the leaves of A. italicum are typically dark green with white veins, 
those of A. negledum are yellowish-green with paler veins and the 
basal lobes which overlap and leaf as a whole are broader with a 
sinuate edge. The fruits contain one or two seeds in contrast to 
the two-four in A. Ualicum. 

The results of lysimeter experiments recorded by A. Demelin 
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and £. Bastisse {Sail Science, 46, 1-7, 1938) are of considerable 
ecological interest, as they were carried out under natural rainfall 
over a series of years during which the precipitation ranged from 
398*9 mm. to 732*4 mm. From a sandy loam the evaporation 
ranged from 53*3 per cent, to 72*6 per cent., with an average of 
about 60 i)er cent., but when cropped the loss by transpiration 
and evaporation together amounted to about 17 per cent, more 
than the evaporation alone from the uncropped soil. The effects 
of cropping with barley, wheat, oats, maize and carrots respectively 
had similar effects upon the rate of water-loss, so that it would seem 
as though the differences in transpiration rates of these plants was 
approximately compensated by differences in the shelter effect of 
the crop sj^ecies on the soil. The average annual loss of CaO was 
563*6 kilograms i^er hectare from bare soil, whereas when cropped 
the loss due to leaching and to uptake by the plant averaged about 
172 kilograms less. From crushed granite containing 0*93 per cent. 
CaO the loss in five years by leaching was about O Ol per cent. 
The base-exchange capacity of the B horizon of a granite soil was 
81 me., as compared with 67 me. for the finer clay fraction of the 
weathered granite. 

In the same journal (pp. 9-19) W. H. Maclntire, W. M. Shaw, 
and B. Robinson report the results of examinations of the leaching 
action of rainwater on dolomite and limestone of varying degrees 
of fineness and in varying amounts incorporated with quartz. 
These show that the rate of leaching of calcium, though increasing 
with the amount added, is not proportional thereto. With calcic 
limestone added in amounts of 1 is to 6*6 is to 26*6 the ratio of the 
rates of leaching expressed as CaCOs was 1 is to 2*1 is to 2*6. With 
dolomitic limestone added in the same relative amounts the rates 
of leaching were respectively 1 is to 3*1 is to 4*9. At the lowest 
calcium content the degree of division did not make any significant 
difference in the rate of leaching; with higher rates of addition 
the finely divided calcic limestone (60-100 mesh) underwent a 
leaching of calcium that was from 1*1 to 1*2 times that of the coarser 
material (20-40 mesh) added in the same amount. 

At all rates of application the dolomitic limestone exhibited a 
slower rate of leaching, being at the lowest rate only about one- 
third of that shown by the calcic limestone, but with the higher 
rates of application the effect of the increase of surface due to finer 
division was more pronounced in the dolomitic limestone, the rate 
of leaching of the 6(1-^100 mesh limestone being about 1*4 times 
that of the 20-40 mesh. 

The effect of wind action upon plants is one concerning which 
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all too little data is available. V. P. Rao from experiments wil^ 
Setaria italica grown under a wind velocity of 11 miles per hour 
shows that not only is there an appreciable reduction in growth 
of the over-ground parts, as Finnel found with marigolds and 
Clements with sunflowers, but that the root growth was markedly 
reduced also. The weight of the roots of plants exposed to wind 
was 69 per cent, that of the control plants, whilst the root volume 
was 62 per cent. The amount of water transpired was 1-29 times 
that of the controls (BuU. Torrey. Bot. Club, 65, 229, 1938). 

The Annals of the Missouri Botanical Garden for April 1938 (XXV, 
467-724) is mainly devoted to the results of the Second Byrd 
Antarctic Expedition. This includes an account of the ecology and 
geographical distribution, by P. A. Siple, of the Lichens by C. W. 
Do^e and G. E. Baker, and of the Mosses by E. A. Bartrom. 
Eighty-five species of lichens and five mosses are recorded, all of 
which are endemic to the Antarctic. 

The result of cytological examination of 2201 twin plants is 
reported by A. Miintzing (Hereditas, XXIV, 487, 1938). Of this 
total 96, or 4-3 per cent., were found to have chromosome numbers 
which deviated from the normal. The material included 14 species 
of grasses, Trifolium pratense and Solanum tuberosum. Triploids 
were most frequent (77), haploids numbered 11 and tetraploids 2. 

Experimental production of haploids in Nicotiana rustica has been 
attempted by M. A. Ivanov employing various methods. Irritation 
of ovarian tissue by puncturing, ijollination by pollen of othw? 
Solanaceous genera, the effect of pollen tube growth for varying 
periods within the style before the style was removed were all alike 
unsuccessful, but from pollination with pollen treated with X-rays 
four haploid plants resulted, which differed from the maternal 
parents in reduced vigour, smaller size of leaves and flowers and 
greater sterility (Oenetica, XX, 296, 1938). 

P. G. Fothergill has studied the cytology of wild populations of 
hybrids between Viola tricolor {n — 13) and Viola lutea (n = 24). 
The hybrid plants were either intermediate in character or resembled 
more closely F. lulea with 2n usually from 48 to 62. The gametic 
numbers varied from 13 to 27, with 23 to 26 as the most common 
condition. The variation in chromosome number is, it is suggested, 
an advantage, as providing a greater range of material for selection 
(Oenetica, XX, 169, 1938). 

Silene otites is a dioecious species in which the female plants 
bear flowers containing an ovary only, whilst the male plants 
bear flowers, which in addition to the functional stamens contain 
a normally abortive ovary, but as a rare condition the ovary may 
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be here functional. In Sikne otitea the male plants preponderate 
in the ratio of 1-5 males to 1 female. Species known to be hetero- 
gametic for sex in the males show a preponderance of females in 
the wild populations. In MercuruUia annua, where the female is 
heterogametic for sex, the males preponderate. From breeding 
experiments Sansome concludes {Jour. Oenetica, 35, 387, 1938) that 
in 8. otitea the female plants are heterogametic for sex, but that in 
the related 8. paeudotitea the male plants are heterogametic. 

PHYSICAL ANTHROPOLOGY. By L. H. Dvdlby Buxton, M.A., 
D.8c., Exotor Colk'ge, Oxford. 

Physical anthropologists have in the last few years concentrated 
their attention especially on studies on the evolution of man. The 
technique of modern archaeologists has enabled us to date with 
some degree of certainty the odd, and often extremely exiguous, 
fragments of human skulls which turn up from time to time in 
ancient gravels. A careful comparison of these finds shows that 
modem man is much more ancient in his physical form than would 
have been supposed a few years ago. This question is very care¬ 
fully discussed by Matthew Young who describes the “ London 
skull ” in Bicmetrika, XXIX, 1938. The fragments include the 
greater part of the occipital and left parietal bones and part of the 
right pariet6tl. The skull was probably that of a female between 
40 and 50, and the date is at a conservative estimate Aurignacian, 
that is Upper Palaeolithic, though some archaeologists consider that 
it is much older. The most remarkable character of the fragments 
is the presence of a preinterparietal bone, that is a supernumerary 
bone lying anterior to the normal interparietal bone which forms 
part of the squama of the occipital bone. This abnormality is not 
uncommon in modem skulls, but recently it has been found in a 
Neandertal skull excavated near Rome—the so-caUed Saccopastore 
skull. This unusual condition of the occipital bone, although not 
morphologically of any significance, is of importMice as it has con¬ 
siderable effect on the measurements of the parietal and occipital 
arcs and may cause apparent divergence or similarity where none 
actually exists. Young has very clearly demonstrated this in his 
paper by taking oomparisons between modem skulls with and 
without the abnormality. Until recently it has been customary 
to describe ancient skulls by themselves with no consideration of 
normal variations ; such a procedure of course made each individual 
skull a type. Young has, however, shown that, taking into con¬ 
sideration both the means and standard deviations, the London 
skull falls well within the range of a series of Scottish skulls in the 
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anatomical collection in Edinburgh, the differences, where they 
occur, being due not to morphological variation but to the abnor* 
mality already mentioned. In fact, in all its morphological and 
anatomical characters there is no clear evidence that the skull is 
primitive, but rather that it falls well within the limits of the modem 
Scotch type. 

Turning to Upper Palaeolithic skulls, the Ijondon fragment 
closely resembles the mean values of those of Aurignacian and 
Solutrean Age, especially the latter, and indeed from such measure¬ 
ments as can be made it seems practically indistinguishable from 
the so-called Solutr6 V. Among Neandertal skulls of the Middle 
Padaeolithic period it most closely resembles that from Saccopastore, 
to which reference has already ]^n made, especially in the unusual 
flatness of the parietal segment of the sagittal arc. But this flatten¬ 
ing does occiir among modem skulls and, as has been shown, is due 
to an anatomical abnormality. 

When compared with Piltdown skuU, Young declares that in 
the extent and curvature of its parietal arc, as well as in the pro¬ 
portion of the biasterionic breadth to the maximum parietal breadth, 
and of the biasterionic breadth to the length of the occipital chord, 
the London skull is nearer the Scottish than the Piltdown type, 
while in the fullness of curvature of the lower occipital region it 
is in quite as close agreement with one type as the other. 

There remain two other interesting comparisons, first with the 
fragments from Bury St. Edmunds which are stated to be of Late 
Acheulean date, that is the end of the lower Palaeolithic. As far 
as can be judged the two calvaria are similar both in size and shape. 

Finally, Young has compared the London skull with the Swans- 
combe skull, which also is the subject of a special memoir by the 
finder, A. T. Marston (Royal Anthropological Journal, LXXVII, 1937, 
issued 1938). Young concludes that, as far as the two can be com¬ 
pared, there is no definite evidence to show that the Swanscombe 
skuU diverges any more from the modern t 3 q>e than does the London 
skull. 

Marston’s memoir goes into greater detail and will be followed 
by a special memoir by a committee who are investigating the 
find. He discusses the actual date with considerable detail, but 
as his findings are not endorsed entirely by the committee they 
need not be discussed here. It seems, however, beyond doubt that 
we accept the skull as being the first definitely authenticated human 
remainsof Acheuleandate. The fragments consist of an occipitaland 
a parietal bone and belonged to a person who probably died m her 
early twenties. Young estimates the length as being about 180 mm., 
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agreeing with his estimate of the length of the London skull. There 
is, however, a point which must be mentioned. There is a consider¬ 
able extension of the sphenoidal air sinuses into the basal part of 
the occipital, and it is possible that there were considerable air 
sinuses in the frontal bone, a condition which would give the skull 
in all probability a beetling brow. It has been suggested that the 
great thickness of the bone may also have been associated with 
heavy brow ridges ; an examination of the Oxford collection sug¬ 
gests that, though this is usually the case, some very thick female 
skulls have only moderately well-develoj)ed brow riches. 

The great breadth of the occipital bone is a remarkable character, 
as it exceeds 120 mm. Although male skulls do occur with a width 
of nearly 130 mm., the average female measurement is about 108. 
The relation of this breadth to the parietal chord from bregma to 
lambda is about 114, compared with an average of about 96 for 
English females, but even this figure is not absolutely exceptional. 
There is in the Oxford collection a female skull from Corfu, with 
an index of over 116; the skull otherwise shows no remarkable 
features. The exoe])tional feature, however, of the Swanscombe 
skull is its great thickness. I have compared it with a Romano- 
British female skull in Oxford which is normal and has no patho¬ 
logical conditions, but is slightly smaller. It is impossible to make a 
comparative estimate of length, as the Oxford skull has so prominent 
an external inion that the greatest length is Glabella-Inion, but 
the comparable measurement to Yoimg’s estimate would give a 
length of 176 mm. Now the most remarkable features of the 
Swanscombe skull are its great thickness ; the Oxford skull, in spite 
of its smaller size, is only slightly thinner. On the parietal bone 
(I give both measurements under their initial) maximum S. 12 mm., 
O. 11-2, Lambda 8. 11-2-10-7, O. 10'2-9'8, the general thickness 
of the Oxford skull being just under a millimetre less than the 
Swanscombe. At the asterion the Swanscombe skull is no less than 
3'0 mm. thicker than the Oxford skull, but as this is abraded here 
the measurement is uncertain; on the other hand other meMure- 
ments on the occipital bone show that it is definitely considerably 
thicker than the Oxford specimen. The position of the internal 
inion in relation to the external differs in the Swanscombe from that 
of most modem skulls, but it is exactly paralleled in the Oxford 
^cimen. We may say then that, apart from the great thickness 
of the occipital bone, on the whole the Swanscombe skull does not 
differ from modem skulls, but that the thickness of the parietal 
is not remarkable. This is clearly a matter of great interest and 
importanoe. We are gradually accumulating evidence which puts 
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modem man further and further back in history, and we can say 
that wo have now specimens of Lower Paleolithic which are not 
only modern in form, but which in their general dimensions resemble 
closely both inhabitants of this country in modern times and, going 
a little further back, our Romano-British forbears. The beautiful 
scheme of actual invasions, establishing a new typo in association 
with the establishment of a new culture, will have to bo revised 
and we shall have to consider how far cultural invasions can affect 
the aboriginal population of a country.^ 

Turning to modern man, interest among anthropologists seems 
to be very much concentrated on the question of “race,” though 
few give a very exact definition of their use of the term. Dr. 
Branirnir Males in L'Anthroplogie, 48, 1938, 277, discusses the 
Dinaric Race. Ever since the masterly work of Ripley on the 
races of Europe tlic majority of those interested in the ethnology 
of that Continent have, possibly under different names, believed in 
three great races. A(;tually, however, as early as 1595 the difference) 
between some of the dwellers on the Illyrian coast from the group 
which to-day we call Alpine had attracted attention. Deniker, 
after a tour in that region in 1880, brought these people into his 
scheme of European races, and recently, although Deniker’s six 
races are not usually recognised, the Dinaric has been given a place 
beside Ripley’s Nordic, Mediterranean, and Alpine. They differ 
from the latter, especially in their great stature. Among recent 
writers Montandon suggests linking them with the Alpine and 
Czanowski with the Nordic and Armenoid. Czanowski has, in fact, 
an elaborate scheme whereby he takes certain theoretical basic 
races, a pure abstraction, and sees in each actual European people 
a certain proportion of his abstract races. Dr. Males denies that there 
is any evidence of admixture in the Dinaric race and affirms that 
they should be given a definite position among the races of Europe. 

The persistence of the European racial types when removed 
from their own home has for long been a matter of interest. It 
acquired very considerable popularity after the publication of Boas* 
Descendants of Immigrants, to which reference has been made 
previously in these columns. Briefly Boas believed that the des¬ 
cendants of immigrants into the United States changed their head 
form and as it were formed a new race. Dr. George Montandon in 
L’Ethnie Pran 9 aise au Canada *’ {Revue Scientifique, 76, 7, 1938) 
affirms that “ race is not merely a matter of environment but in 

^ I have to acknowledge with thanks the generosity of Mr. Marston in 
lending us at Oxford the original specLmens of his most important find, so 
as to enable us to oxamino them at leisure. 
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actual fact, in bo far as the matter needs demonstrating, above ail 
a question of heredity.” In discussing European types in Canada 
be is concerned with national tyi>es and has worked on photographs 
of prominent jK^rsons which have appeared in the daily press. He 
finds that French names are associated with the Alpine types, and 
the Nordic type is especially frequent among those with English 
names. He maintains that the distinction is clearer than, say, in 
a European crowd of French and English. The French-Canadians 
have remained a compact group, keeping their own language and 
bound together by two cultural features, the Catholic religion and 
country life. They have large families and tend to increase. Dr. 
Montandon’s articles raise jKjints of great interest, and it would be 
of considerable importance if someone could obtain the co-ojxjration 
of Canadians and take the necessary measurements. This should 
put on one side for ever the somewhat barren controversies about 
the reliability of Boas* work. 

Turning to craniological material, little has been done at present 
in Canada, but, thanks especially to the energy and enthusiasm of 
Dr. Hrdli^ka in Washington and Dr. Hooton at Harvard, there 
exists a good deal of material for a survey of the racial tyi:>es of the 
Indians of the United States, not perhaps as much as could be 
desired. This material has l>een surveyed by G. von Bonin and 
G. M. Morant in “ Indian Races in the United States—a Survey 
of previously published cranial measurements ** (Biometrikay XXX, 
1938). The authors set before themselves the fundamental problem 
whether the American aborigines are a homogeneous population. 
They used the coefficient of racial likeness and statistical methods 
generally. Their monograph may be conveniently divided into 
three parts, a consideration of the variability of the measurements, 
the comparison between various Indian groups and finally the 
relationship of Indian groups with the peoples on the other side 
of the Pacific. Their material consisted of 1167 male skulls divided 
into 16 series, the majority of which were statistically adequate, 
although the number of measurements on each skull was fewer 
than could be desired. Apart from the people of Pecos Pueblo 
which definitely represents a more heterogeneous population, the 
various Indian series all of them show approximately the same 
variability and are very close to a long series of late dynastic 
Egyptians examined by Pearson. The variability is rather less than 
modem series from Western Europe. In view of the fact which 
we shall gee later that the various series differ very much from one 
another this is a point of considerable interest. It would appear 
that normal human groups living under primitive conditions tend 
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to a fairly constant degree of variability. This point may be con¬ 
sidered important from two ^joints of view. First of all technically, 
as the writers point out, it shows that in series whose variability 
is not known the Egyj)tian series can safely bo used. Secondly, 
and this is more important, it would seem justifiable to suggest 
that when we are dealing with a single ancient skull we may reason¬ 
ably presume that it belongs to a series whose variability i)robably 
closely coincided with known variabilities. 

Turning to the second problem, the racial classification of the 
Indians in the United States, there is in a general way, as might 
be exjiected, a resemblance between neighbouring j)eoples, but the 
Algonkin, of whom there are four series, show remarkable dis¬ 
similarity in spite of their close linguistic and cultural relationship. 
The present evidence docs not allow any j)reci8e statement of the 
number of “ races ”—the authors do not define their use of the 
term, but presumably apply it in the sense in which it is applied 
to the “ races of Europe ”—but on the whole the statistical evidence 
Bupjjorts von Eicksted’s classification. His Margide Oruppe would 
include the Californian and Florida series, which it is interesting 
to find are allied. His Sylvide Oruppe must be divided into at 
least two, first the Plains Indians and secondly the Indians of the 
north-eastern woodlands. The present writer’s impression is that 
it will be found that, as far as Canada is concerned, for which von 
Bonin and Morant had no data, some of the Algonkin tribes of the 
east are very closely allied to the Indians of the Plains, whereas 
others would agree with their findings based on Hrdlidka’s measure¬ 
ments of Iroquois and their allies south of the Canadian border. 
The Kentucky group are isolated and have no close allies in the 
published series. The Zentralide Oruppe may be represented by 
the old Zuni—Pueblo people from the south-west at Santa F6— 
and the Basket-makers. There is, on the whole, a marked diversity 
of Indian types as compared with those normally found among 
comparable groups in other parts of the world. 

Turning to the third problem, the authors conclude that the 
available material makes it possible to distinguish a few groups 
of closely allied people among those of Eastern Asia and North 
America, but the connection between groups and their various 
affinities must remain undecided. The results of cranial com¬ 
parisons appear to be in favour of the most generally accepted 
hyimthesis that the present aboriginal inhabitants of America 
entered that continent by the Behring Strait. It is suggested that 
the Chucheki of Eastern Siberia, who show little affinity with any 
of the present inhabitants of Eastern Asia, represent people who 
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fell by the way in the course of the migration. The Ankara, who 
are related to the Sioux, show a relationship with the western 
Eskimo, and this may be an indication of former contat^t between 
the two i)eoploH. Statistical evidence suggests, without affirming, 
a link between the Indians of California and some of the peoples 
of Eastern Asia, but it is suggested that this is rather an indication 
of the line of migration than of any trans-Pacific migration. Finally, 
there are no characters for which there are satisfactory series of 
measurements which will distinguish all the North American Indians 
from their relations in Asia. They tend on the whole to have 
broader and higher faces. It is this great breadth of face that 
gives the living Indian his characteristic facial form, but even here 
there are some people on the Asiatic continent whose faces have 
this enonnous breadth, though in the living not that angularity 
which characterises many, but not all, American Indians. 

A similar problem in regard to racial homogeneity is discussed 
by Howells and Warner in “ The Anthropometry of the Natives 
of Anihem Land and the Australian Race Problem,’^ Peabody 
Museum Papers, XVI, 1937. A comparison of the figures obtained 
by Warner with published material suggests that the Australian 
aborigines are really a homogeneous group, the difference between 
widely separated groups being on the whole not greater than between 
those in close geographical proximity. In the north the stature is 
slightly higher. The breadth of the head is lower in the south, 
where extreme dolichocephaly is met with ; the head height is also 
lower in the south. The differences which exist the authors consider 
to he due to geographioal isolation. 



NOTES 

Magnetic Viscosity (L. F. B.) 

Ewing ^ and Rayleigh showed that when long wires of soft iron 
are placed inside a solenoid in which a current is either gradually 
or suddenly changed there occurs a distinct, slow change of induc¬ 
tion, as manifested by a magnetometer deflection, for some time 
after the current has reached a steady value, especially when weak 
magnetising fields are used. Hence, it may happen that ballistic 
measurements of magnetic induction give results slightly lower 
than static measurements ; the difference, which does not normally 
exceed 1 or 2 per cent., is attributed to magnetic viscosity. Hence, 
when a ferromagnetic is exposed to an alternating magnetic field, 
losses due to hysteresis, eddy currents and magnetic viscosity must 
arise, and, on account of their importance in telephony, the latter 
have recently been studied in detail. 

It has been found that carbonyl iron supplied by Heraus, Hanau, 
mainly in the form of tape 0*1 x 15 mm* in cross-section, shows 
extraordinary magnetic viscosity when recrystallised by heating for 
2 hours in a stream of commercial hydrogen at 1000° C. Richter • 
showed by magnetometer and by ballistic measurements that 
magnetic changes at room temperature continue for some 100 
seconds following the removal of a magnetic field, but are practic¬ 
ally ended within a few minutes. In one set of experiments a field 
+ H acting on a specimen was suddenly changed to — H and so 
maintained for an interval of time after which the field was 
switched off. As i' approached zero the viscosity effects became 
more and more like those obtained merely by cutting off the field 
+ H, showing that magnetic viscosity and ordinary hysteresis 
effects are not closely related. A series of curves obtained by 
plotting the difference between the residual induction measured at 
a time i after switching off a magnetic field and the static value 
of the residual induction against log t for a range of fixed tempera- 

* A. Ewing, Magnetic Induction in Iron and Other Metals , 8rd edition, 
p. 127. 

* G. Richter, Ann, der Phys,, 29, 605, 1937. 
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tures show displacements parallel to the time axis, the viscosity 
effects decreasing rapidly with increase in t/em|>erature. 

These results were confirmed by Schulze ' by a power-loss 
method. In this case the material is used as a s])iral core or ring 
upon which an inductance coil of resistance R is wound. The 
latter is placed in the arm AB of a Maxwell inductance-capacity 
bridge ABCD, the arms BC and DA containing fixed resistances 
R, and R, and the arm CD an adjustable capacity K shunted by 
an adjustable resistance. When the bridge is supplied with steady 
current and a thermal galvanometer is connected across BD the 
condition for balance is R = R,.R,/Wo, where Wo is the value 
of the shunt resistanc^e. When alternating current is supplied the 
conditions for balance are R + r = Ri R,/W and L = Ri.R,.K, 
W being the new value of the shunt resistance, r an apparent resist¬ 
ance introduced into the arm AB by power losses in the core, and 
L the inductance of the coil under the experimental conditions. 
L is, of course, a function of the current and may be written 
L = Lo(l + y3.H) since the current is small, where L® would be 
the inductance with the core replaced by air, H the field amplitude 
in the core and a constant. Following Jordan * wo write 

r//.L = r^/L + r^.H/L + r,.//L 

The first term on the right side of the equation represents the effect 
of magnetic viscosity with an alternating field of frequency f, the 
second and third terms those of ordinary hysteresis and eddy 
currents resjieotively. If now we plot r//.L against / for two fields 
of amplitude H = H, and H = 2H, we get two graphs from which 
we can obtain the gfaph for H == 0, since the distance apart of the 
two curves is r*.Hi/L, If this extrajMlated curve is linear then 
its slope measures fe/L, and is independent of the frequency. 

If it is not linear then r^/f-h is a function of the frequency which 
can be obtained by measuring the distance apart of the extrapolated 
curve and the line r*//L against / which can be drawn on the baais 
of a relation given by Wolman.* 

Schulze found that at temperatures below 20° C. the magnetic 
viscosity of the virgin material was constant over a frequency 
range of 60 to 6000 cycles per sec. It is believed that this frequency- 
independent or Jordan component of the magnetic viscosity persists 
at all temperatures. At higher temperatures, however, the curves 

* H. Sohtilze, WvMen. Verdff. aut den Siemena-Werken, 17, 161, 1938. 

* H. Jordan, Blektr, Nachr.-Teedm.. 1, 7, 1924; Ann. der Phya., 21, 
406. 1934. 

* W. Wolman, Zeit. fiW Uschn. Phya., 10, 695, 1929. 
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of r„/L against T for fixed values of / have the form of resonance 
curves, with a maximum value of r„/L at a temperature T,.® K, 
given by 




= 34-7 


lOfiJW 

'xr 


It is found that magnetic viscosity and associated high per¬ 
meability which varies with / appears only when the carbonyl iron 
has been annealed or recrystallised at 1000° ; the phenomenon is 
sujjpressed when the material is deformed by tension. The effects 
can be explained on the assumption that a pure and well-annealed 
specimen consists of parallel threadlike Weiss domains magnetised 
in parallel and anti-parallel directions only. As the threads increase 
in length, the energy associated with the demagnetisation effects 
decreases and that associated with the surfaces of separation be¬ 
tween the threads increases, so that at each temperature there 
must be a stable state with a definite degree of thread formation. 


Annual Report of the South African Institute for Medical Research 
1936 (P. J.) 

Dr. Ordman has made a continuous study of pneumonia and 
allied respiratory diseases in local mine natives, and has prepared 
a pneumonia vaccine for prophylactic purposes comprising the 
prevailing bacterial fiora on the Witwatersrand. The bacterial 
divergences in the various communities were not sufficiently marked 
to warrant the issue of special and separate vaccines. 

The use of prophylactic pneumonia vaccine is increasing in the 
mines and a number of satisfactory results are recorded. Large- 
scale experiments in City Deep and Crown mines, and also in 
Geldenhuis Deep, are in progress, and inoculations will be continued 
for some years in order to obtain further evidence on the value 
of this prophylactic measure. 

An outbreak on the East Rand Proprietary Mine, the native 
employees of which had not been inoculated against pneumonia, 
is i^ing investigated, and details will be given in a forthcoming 
publication. Towards the end of April the incidence of pneumonia 
and the number of deaths began to mcrease ; the peak being reached 
in July, and the outbreak was at an end in October. As a result 
of bacteriological findings a suitable prophylactic vaccine was 
supplied to the mine for the inoculation of all future native recruits. 

The majority of the pneumonics in this epidemic were typical 
lobar variety associated with pneumococcus of Groups “ C ” and 
“ B ” (Lister Types I and II); these types are represented in the 
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present prophylactic vaccine, and were prominent in preinoculation 
days of the Witwatersrand Mines, so that such an outbreak would 
not have occurred in a vaccine-protected community. 

A number of Bushmen in Johannesburg who were sufFering from 
minor respiratory maladies was investigated, and it was recom¬ 
mended as a safeguard that these Bushmen be inoculated with the 
Pneumonia (Compound) Vaccine in general use. 

The question of streptococcus typos occurring locally has been 
considered. A number of strains of hmmolytic streptococcus isolated 
from various human sources have been typed and all shown to 
belong to Lancefield’s Group ‘‘ A.” Closer analysis of the intra¬ 
group classification of the organisms on the lines of Griffith's method 
is proceeding. There may be value in this work from the jx)int 
of view of vaccine for prophylaxis of respiratory diseases ; one or 
more specific strains of hoemolytic streptococcus may be of par¬ 
ticular importance in local coses of acute respiratory diseases ; if 
so, only these need be included in the vaccine. 

In typing strains of meningococcus the simple agglutination 
test has been substituted for the more laborious agglutinat-absorp- 
tion test formerly employed, which in recent years has not been 
found to give the more clear-cut results which were at one time 
obtained. The meningococcus is now classified into Groups 1 and 
2 by means of 2 group sera ; Group 1 serum representing antigens 
of Gordon’s types I and III, whilst group 2 serum is polyvalent, 
representing a number of strains not conforming antigenically to 
Gordon’s types I and III. The inclusion under Group 2 of many 
strains is arbitrary and unsatisfactory os the Group 2 serum is 
never sufficiently polyvalent to cover more than a small proportion 
of the numerous aberrent ” strains met with ; in the present 
state of knowledge it is the most practicable expedient available. 

The relation of meningococcus strains to therapeutic serum 
production is of importance to the Institute Serum Department, 
and much careful study has been undertaken in collaboration with 
that department in the selection of suitable organisms to provide 
the most adequate antigen for the preparation of an antigenically 
comprehensive polyvalent antiserum in horses. The efforts have 
been justified, the anti-meningococcus serum produced is satisfactory 
in its agglutinating power against meningococcus strain isolated 
from current cases of disease; the case mortality rate in cerebro¬ 
spinal meningitis locally has shown a considerable drop. 

Plagw InveMigation. —^Dr. Pine reports an apparently steady 
diminution in the virulence of the strains of B. pestie obtained 
from both human and animal sources. All positive results are 
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originally obtained either by guinea-pig inoculation or by culture 
from material received ; these are checked by guinea-pig scari¬ 
fication ; formerly these usually died in from 5 to 7 days, now they 
live 10 or 12 days l^foro succumbing to the disease or not infre¬ 
quently survive and recover after development of a bubo but without 
further spread of the disease. 

Experimentally it is becoming more difficult to obtain a local 
strain which can be relied upon to kill rats regularly in three days 
by subcutaneous inoculation of a modorate-sked dose. There is 
no explanation of this drop in virulence. Two years ago it was 
possible to maintain a strain at its original virulence by continuous 
passage through rats, but not to increase its virulen(5e by passage. 
Now such a plan does not even maintain virulence, and there is a 
slow but distinct loss in the course of a year’s passage. 

Experiments have been started using a living nonvirulent strain 
of JS. pestis obtained from Madagascar. Colonel Girard has used 
this as a preventive vaccine with success. It was found exj>eri- 
raentally to give better protection in rata than a killed vaccine. 
It has been used for the preparation of an antiserum, and so far 
as present experimental results go, the indications are that a more 
potent serum is thus obtainable than by the use of killed vaccine 
for immunisation. 

Dr. Mavrogordato has continued the study of dust from the 
lungs of those exposed to underground air-borne dust of the Wit- 
watersrand goldfields. Cases were of 3 types: early clinical 
silicosis, fibrosis of silicotic type found in lungs after autopsy, 
and, no evidence of silicosis either during life or after autopsy. 
Experience shows that over a considerable number of cases there 
is a relation between the mass of dust recovered and the amount 
of damage to the lungs. 

For estimation of dust concentration, stress was laid upon the 
number, size, and size frequency of the dust particles. The results 
so far show that 90 per cent, of the mass of dust is composed of 
particles of 4 microns or less, and “ a main mass composed of 
particles of 2 microns.” This applies to samples of air-bome dust 
from underground and to dust recovered from lungs. 

In 1924 the average dust returns were about 1 mg. per cubic 
metre, and have remained at about that level. In 1909 it was of 
the order of 20 mg. per cubic metre and has been falling steadily 
since. Each year a certain number of miners are found to be 
suffering from silicosis, and this is the expression of dust to which 
they have been exposed throughout their underground service. 
The average duration of exposure necessary to produce a clinical 
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BilicosiB has increased from 9^ years to about 16| years as the 
average mass of dust has fallen. Since exposures have fallen to 
the order of 1 mg. per cubic metre, only two cases of clinical silicosis 
have been detected in miners who began work in 1924 or later, 
while among miners who have only worked on scheduled mines 
and who jjassed a physical examination before being accepted for 
miderground work, the average duration of exposure necessary to 
produce a clinical silicosis is about 18 years. This initial examina¬ 
tion was introduced in 1916 when the average concentration of 
dust was 3-9 mg. j)er cubic metre. 

The “ average time ” needed to set up a clinical silicosis is 
about 2 to 2| times os great as the time required for the most 
susceptible subject. With dust at 1 mg. the most susceptible 
subjects have been requiring 10 years’ exposure, so the average 
exposure should bo of the order of 20 to 26 years. 

Present experience suggests that if there were only ultra-small 
particles in their present concentration in the underground air, 
there would be very little silicosis, it would require a long i)eriod 
to develop and would be almost confined to particularly susceptible 
subjects. With the increased duration of invasion necessary to 
produce a clinical silicosis, the excess tuberculosis rate is becoming 
less marked on the Witwatersrand. 

The total incidence of tuberculosis, including tuberculo-silicosis, 
for 1929*-32 was 1-97 j>er 1000, and for the 1929-35 was 1*47 per 
1000 (Euroi>ean8). In the [period 1917-20 the tuberculosis incidence 
(all forms) was 8-7 per 1000, and at this time the expectation of 
life after the notification of secondary silicosis was about 2 years 
while it \B now about 6 years. 

Annual Report of the Institute for Medical Research, Federated 
Malay States (Kuala Lumpur), 1936 (P. J.) 

The activities of the many divisions of this institution have 
continued throughout the year, and a good general survey is supplied 
by Dr. Lewthwaite* 

Before 1916 diphtheria was a rare diBe6^ in the Malay States. 
Prom 1916 to 1926 an average of only 26 cases per annum were 
diagnosed bacteriologically, but now from 100 to 160 cases ore 
annually diagnosed. The local strains isolated from these cases 
showed that although 62 per cent, are virulent they belong either 
to the ‘‘ Mitis or “ intermediate ” variants ; none of the “ Gravis 
variety, said to be responsible for the high death rates in Europe, 
was met with. Schick tests showed that the indigenous population 
possesses a degree of immunity to local strain. Of 762 dead bodies 
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(including children and infants) investigated during the past three 
years, 41 (= 6.4 per cent.), yielded throat swabs positive of C7. 
DiphthericE. Although the annual cases have risen to 110-160 and 
the dead body rate is 5-4 per cent., it is not possible to say that 
diphtheria is increasing in prevalence in F.M.S.—but there is an 
approach to more accurate conception of the incidence of the disease. 

DyaenUry .—The main type of dysentery in hospital patients is 
B. Dysenterio’ Flexner ; B. Dyamleria; Shiga occurs in small isolated 
epidemics. One case of Sonne dysentery occurred in 1934 and in 
1936, but during the present year 9 cases of Sonne dysentery of 
mild type were investigated; a fourth variety, B. Dyaenterice 
Alkalescena, occurring locally, appeared for first time during 1936. 

Enteric Fevera .—About twice as many cases of enteric fever are 
now being diagnosed by bacteriological or serological means as 
compared with ton years ago. This is in part due to improvement 
in serological technique and especially to the use of culture from 
Widal blood clot, which remains after the serum has been separated 
for the Widal reaction. This method often confirms a positive 
Widal reaction, and often enables a positive diagnosis to l)e made 
some days prior to agglutinins developing in the patients’ serum, 
and permits a positive diagnosis among that proportion of enteric 
fever cases when for some unexplained reason the Widal reaction 
remains below diagnostic level, or is negative. Details are given of 62 
cases of enteric fever diagnosed by culture of Widal blood clot. 
Had this additional diagnostic method not been employed no 
positive laboratory diagnosis could have been given, and it is 
probable that many of the 62 cases would have appeared in the 
annual returns a« “ fevers of unknown origin.” Among 486 cases 
clot cultures were positive in 165 or 32 per cent. ; and among these 
166 cases the Widal reaction was also positive in 93 or 19 j)er cent, 
(of 486 cases). The clot culture method may be said to have not 
only a confirmatory value—as regards the Widal reaction—of 19 
per cent.; but what is more important a diagnostic value entirely 
of its own of 13 jjer cent.; if culture methods had not been employed 
13 out of every 100 cases of enteric fever would have escaped 
diagnosis. 

On behalf of the National (Commission of the League of Nations 
a number of experiments were designed to afford data regarding the 
efficacy and safety of atebrin and quinine administered as clinical 
prophylactics to malarious iwpulations. Three plantations, T. (a 
tea estate), Y. and U.(C. (rubber estates), were chosen ; 1733 inefi- 
viduals were observed for periods up to 12 months and 1,174 malarial 
attacks were treated. 
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On estate T., there was a highly malarious population of about 
500 Indian labourers and independents in one set of lines, within a 
short distance of which was free breeding of A. umbrosuB ; the area 
was isolated from outside sources of infection by a jungle barrier 
several miles deep, peopled only by a small wandering tribe of 
aborigines. 

The entire labouiing population was divided into three groups, 
believed to be comparable in all respects. The first group was 
given prophylactic atebrin 0-2 grams, on successive days twice 
weekly ; the second group 0*4 grams, of quinine bihydrochloride 
in tablet form, daily ; the third group (control) received a yellow 
tablet known to be inert. During the period (Sept. 2, 1935, to 
Aug. 26, 1936) the number of malarial attacks were 46 in group 1, 
135 in group 2, and 476 in control untreated group. 

There were 8 deaths during the 12 months—4 in group 1, 2 in 
group 2, and 2 among the controls. Administration of atebrin had 
no obvious ill effect on the pregnant women—most abortions occurred 
among controls and were associated with attacks of malaria ; there 
was an increase of live births due to the suppression of malarial 
attacks. 

Prophylactic administration of atebrin was suspended for 8 
weeks, during which period there occurred 200 malarial attivcks, 
many clinically severe, and associated with high parasitic counts 
in the two protected groups ; an incidenc^e nearly twice that of the 
unprotected control during the same period. 

In estate Y,, an old-established rubber estate in Selangor, a 
total of 656 individuals wore observed up to 14 months, the popula¬ 
tion being divided into three groups as in the case of estate T. ; but 
results were not satisfactory and the statistical findings are not 
detailed. As on the T. estate there was a rapid reappearance of 
malaria within a few weeks of the prophylactic drugs being with¬ 
drawn. The U.C. estate is a highly malarious rubber estate—the 
labour force is Tamil and the malarial vector A, macvkUua, 

In January 1936 the trophozoite rate was 60 per cent., and the 
monthly malarial attack rate about 26 per cent. It was hoped it 
might be possible on this estate to collect data as to the smallest 
prophylactic dosage of atebrin necessary to control malaria under 
conditions of fairly high endemioity. 

The population was divided into two groups. The first group 
was given prophylactic atebrin 0*2 grams, once a week, the 
second group receiving an inert tabloid. The incidence of malaria 
among adults and children during the year was 214, and the treated 
group 48. 
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Atebrin is an expensive drug and optimum dose for prophylaxis 
is an important question. Tlie cost of 1000 tablets is over $60. 
The content per tablet is not given ; but 0-2 grams, twice a week 
makes the cost per adult $10 per annum. 


Miscellanea 

The honours list published on the occasion of H.M. the Eling’s 
birthday included the following names :— Order of Merit : Sir 
Arthur Eddington. Baron: Sir Josiah Stamp. K.B.E. : Prof. 
T. H. Easterfield, formerly director of the Cawthron Institute of 
Scientific Research, New Zealand. Knight Bachelor : Mr. W. G. 
Ball, dean of the Medical College, St. Bartholomew’s Hospital. 

C. B. : Dr. J. J. Fox, Government Chemist. C.M.O. : Prof. A. E. V. 
Richardson, deputy chief executive officer. Council for Scientific 
and Industrial Research, Commonwealth of Australia. C.B.E. : 
Mr. H. Bishop, assistant chief engineer, British Broadcasting Cor¬ 
poration ; Prof. B. Melvill Jones, Francis Mond professor of aero¬ 
nautical engineering. University of Cambridge ; Mr. E. J. Wayland, 
director of geological survey, Uganda ; Mr. E. B. Wedmore, director, 
British Electrical and Allied Industries Research Association. 
O.B.E, : Dr. S. E. Chandler, principal of the Plant and Animal 
Products Department, Imperial Institute; Mr. R. O’F. Oakley, 
principal. Department of Scientific and Industrial Research; Mr. 

D. Robinson, superintending examiner. Patent Office ; Mr. B, 8. 
Smith, superintending scientist, Anti-Submarine Establishment, 
Portland. 

The Right Hon. Neville Chamberlain has been elected fellow 
of the Royal Society under the Statute which permits the election 
of persons whose election would be of signal benefit to the Society. 

Prof. J. J. Abel, lately professor of pharmacology at the Jolm 
Hopkins Medical School, Baltimore, and Prof. N. E. Norland, since 
1923 director of the Danish Geodetic Survey, have been elected 
foreign members of the Royal Society. 

Sir William Bragg, P.R.S., has been elected foreign associate of 
the Paris Academy of Sciences. 

Prof. A. Fowler, emeritus professor of astrophysics in the 
University of London, and Prof. D, M. 8. Watson, Jodrell professor 
of zoology and comparative anatomy. University College, London, 
have been elected foreign members of the U.S. National Academy 
of Sciences. 

Sir Thomas Lewis, physician-in-charge of the Department of 
Clinical Research, University College Hospital, and Prof. G. I. 
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Taylor, research i)rofe88or of the Royal Society, have been elected 
to be honorary fellows of the Royal Society of Edinburgh. 

Sir Frank Smith, secretary of the Dejiartment of Scientific and 
Industrial Research, has been elected an honorary fellow of the 
Institute of Physics. 

Prof. R. H. Fowler has found it necessary for reasons of health 
to renounce his recent apiK)intment as director of the National 
Physical Laboratory and has l)een re-elected Plummer professor of 
mathematical physics in the University of Cambridge. 

Sir Thomas Middleton has been appointed to 8UC(;oed the Right 
Hon. Lord Richard (Javendish as chairman of the Agricultural 
Research Council. 

Mr. H. J. Gough, RU]>erintondent of the Engineering Department 
of the National Physical Laboratory, has been apy)ointcd director 
of scientific research at the War Office. 

Prof. Irvine Masson, head of the Department of Pure Science 
in the University of Durham, has bcH:>n elected vice-cliancellor of 
the University of Sheffield. 

Prof. M. N. Saha has been appointed to be Palit ])rofeHsor of 
physics in the University of Calcutta in suc^cession to Sir C. V. 
Raman (191B-32) and Prof. D. M. Bose. 

Sir Gilbert Morgan is retiring from the directorship of the 
Chemical Laboratory of the Department of Scientific and Industrial 
Research at Teddington under the age limit . 

Prof. J. E. Littlewood of Cambridge University has been awarded 
the de Morgan medal of the London Mathematical Society. The 
Melchett medal of the Institute of Fuel has been awarded to Prof. 
R. V. Wheeler, director of the Safety in Mines Research Board 
Experimental Stations at Sheffield and Buxton. 

Dr. A. P. M, Fleming has been elected president of the Institu¬ 
tion of Electrical Engineers for the session 193B-39. 

We have noted with great regret the announcements of the 
death of the following well-known scientific men during the past 
quarter; Prof. J. J. Abel, For. Mem.R.S., pharmacologist; Ifrof. 
W. A. Bone, F.R.S., lately professor of chemical technology in the 
Imi)erial Cx)Uego of Science; Prof. E. W. Brown, F.R.S., of Yale 
University, mathematician ; Mr. B. D. Burtt, botanist, Tanganyika 
Territory ; Dr. W. W. Campbell, For. Mem.R.S., of the Lick Obser¬ 
vatory ; Dr. Eagle Clark, ornithologist; Mr. M. J. R. Dunstan, 
agriculturalist; Dr. A. Galt, keei^er of the Technological Depart¬ 
ment, Royal Scottish Museum, Edinburgh ; Dr. E. Goulding, lately 
of the Imperial Institute ; Lt.-Col. C. H. H. Harold, water engineer ; 
Ih** G. E. Horv&th, of Budapest, zoologist; Dr. Ch. E. Guillaume, 
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formerly director of the Bureau International dee Poids et Mesures ; 
Sir Colin Mackenzie, anatomist; Dr. J. W. Mellor, F.R.S., chemist; 
Mr. W. M. Mordey, electrical engineer ; Mr. E. M. Nelson, micro- 
Bcopist; Mr. H. Ramage, spectrosoopist; Prof. W. Stroud, chairman 
of Barr & Stroud, Ltd. ; Mr. C. F. M. Swynnerton, C.M.G., director 
of Tsetse Researcjh, Tajiganyika : Mr. H. N. Thompson, C.M.G., 
lately director of Forests, Nigeria ; Dr. A. E. H. Tutton, F.R.S., 
crystallographer. 

The eighteenth session of the International Geological Congress 
wiU be held in London from July 31 to August 8, 1940. It is the 
first meeting of the Congress to be held in Great Britain siiuje 1888. 
The necessary financial support for the proper organisation of the 
Congress has been secured and [)ermiHsion has been obtained to 
establish the office and headquarters of the Congress in the build¬ 
ing of the Geological Survey and Museum, South Kensington, 
London, S.W.7, where all communications should be addressed. 
The general secretaries are Dr. W. F. P. McLintock, dejmty director 
of the Geological Survey of Great Brikiin, and Prof. W. B. R. King, 
University College, London. 

Lord Nuffield has given the £60,000 required by the University 
of Birmingham for additional buildings and equipment in the 
Physics Department. 

Mr. P. L. Harrison has lent his collection of old Japanese clocks 
for exhibition at the Science Museum, South Kensington, The 
clocks are of great interest as they were constructed to indicate 
time on the old Japanese system, in which the periods of daylight 
and darkness were each divided into six hour-intervals. On this 
system, which was in use throughout Japan until the second half 
of the nineteenth century, the length of a day “ hour ” was therefore 
different in general from that of a night “ hour ” and both varied 
according to the season of the year. In the oldest and largest of 
the clocks lent to the Museum there are two separate time-keeping 
elements, one being in use during the day and the other at night, 
the change-over from one to the other at dawn and again at dusk 
being automatically carried out by the clock itself. In some of 
the other clocks the time-keeping mechanism goes at the same rate 
both by day and by night but the actual hour numerals of the dial 
are adjustable by haiid ; in summer, for instance, with its long 
days and short nights, the night “ hours would be set to form a 
close group while the day “ hours are widely spaced. 
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Memoir No. 7 from the Imperial C!ollege of Tropical Agriculture 
deals with the storage and trun8iK)rt of tropical fruits and vegetables. 
C. W. Wardlaw, the author, gives a useful summary of what is 
already known regarding the subject, classified under the diverse 
products, and each is accompanied by bibliographical references. 
Some idea of the comprehensive character of the treatment can be 
gathered from the fact that more than 150 products are dealt with 
in alphabetical order. Success involves not merely the correct 
temperature, humidity and duration of the storage, but the requisite 
rapidity of transport from the grower, the precise time and mode 
of harvesting, as well as the choice of appropriate varieties and the 
pro}>er conditions of growth. It is claimed that the absence of suit¬ 
able shipping is the chief obstacle to the wider utilisation of tropical 
produce. Both the scientist and those concerned with the practical 
asiwts of the subject will find this a valuable summary, which 
can be obtained from the Editor of Tropical Agriculture, Imperial 
College of Tropical Agriculture, Trinidad (pp. 224, 4^. post free). 

The Official Directory of the British Chemical Plant Manu¬ 
facturers Association for 1938 gives an al))habetical list of mem¬ 
bers and the products wliich they manufacture. It should prove 
invaluable to any firm or })er8on who is considering installing 
chemical plant of any description. The Directory is issued gratis 
to those interested in the purchase of chemical plant, and may be 
obtained from the Secretary, British Chemical Plant Manufacturers 
Association, 166 Piccadilly, London, W.l. 

The Report of the Ruilding Research Board for the year 1937 
(H.M. Stationery Office, 3s. 6d!. net) contains a few points of general 
interest. An investigation of the efficiency of heating systems has 
shown that the best position for hot-water radiators is the con¬ 
ventional one beneath a window since in this iK)8ition the heating 
is much more uniform and the floor draught is reduced to a minimum. 
Floor heating is on the whole the most efficient, while there is little 
to choose between ceiling heating and ordinary radiator heating. 
The method of cleansing the stone work on buildings by light 
brushing after the dirt has been softened by applying to it a fine 
misty spray of water for a suitable time which was described in a 
previous Report has now been used successfully on three buildings 
in London. The method has the advantages that no harmful 
chemicals are employed and hard scrubbing, which may damage 
delicate carving, is avoided. 

The Report states that rendered finishes on the outside of build- 
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ings are usually less suctjessful in England than on the Continent. 
This appears to be due to two causes. Firstly, on the Continent 
the rendering is “ thrown on ’’ and not “ laid on ” according to 
the plastering technique employed in this ('ountry. The result is 
better adhesion and uniformity of textmo with less risk of crazing. 
Secondly, the mortar employed- a mixture of cement, lime and 
sand—^is dry mixed in the factory, only the water being added on 
the building site. Over here the materials are mixed on the si to 
and the control of the final jjroduct is obviously much less effective. 

The Jmimal of Research of the U.S. National Bureau of Standards 
for Juno 1938 contains a preliminary account of an investigation 
by N. E. Dorsey on the 8ui)ercooling and freezing of water. The 
results are very surprising for “ it is evident that neither the length 
of time that a s{>ecimon (of water) is held at a low tcm])erature 
nor the recently past thermal history of the water within the range 
from room temi)crature to the 8})ecimen’s spontaneous freezing- 
point is of any prime importance in the freezing of these specimens. 
Also, in an attemi)t to sujKjrcool w^ater it is unnecessary either to 
limit one’s self to excjessively small volumes of water or to protect 
the water carefully from mechanical disturbances, for without such 
protection and with volumes as large as 8 cm.* supercooling to — 21® 
has been observed.” 

Preliminary heating of the water lowers the 8j)ontaneous-freczing- 
point, the lowering being greater the higher the temperature to 
which the water is heated and the longer it is maintained at that 
high temperature. Thus a sample which repeatedly froze at 
— 6*2° C. froze at c. — 7® C. after being maintained at 54® C. for 
8 hours and at c. — 14® C. after being kept at 97® C. for nearly 
10 hours. The lowest 8iK)ntaneous-freezing-point, namely — 21® C., 
was obtained with water described as “ vacuum distilled from 
chromic solution.” The highest, — 3'3®C., was obtained with 
water from the bottom of an alga-covered pool. 

The water was frozen in half-filled and sealed cylindrical glass 
bulbs, about 2 cm. in diameter and 4 cm. long, suspended in alcohol 
which was cooled as desired. The explanation of the various 
phenomena which were observed remained uncertain but it was 
considered that the size of motes in the water may be the significant 
variable. There was no indication that the nature of the glass 
used for the bulbs is of any consequence. 

The Report of the National Physical Laboratory for the year 1937 
gains interest from the fact that it is the only one which will bear 
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the signature of W. L. Bragg. It contains, as usual, an extensive 
record of routine and research work successfully accomplished, and 
it is possible hero to refer only to a very few of the matters with 
which it deals. The Physics DepaHment has been largely con¬ 
cerned with various thermal measurements, with radiology and 
with acoustical investigations. The conductivity of various kinds 
of mica have been determined by the divided bar method. The 
conductivities of light concretes have been found to vary from 
M to 2 8 B.Th.U. per sq. ft. ]>er hour for 1 in. thickness as against 
7 for gravel concretes. Heat leakage through multi])le windows 
has been investigated and the accuracy with which terni^eratures 
on the International Scale can bo determined with the standard 
platinum j)latinum-rh()dium within the range 060° C. to 1003° C. 
has been incre^ised considerably. The radiology department has 
tested 25 gm. of radium—an increase of 25 per cent, on the previous 
record figure—and in the Optics section a careful comparison has 
been made between the Ltiboratory scale of radiation intensity and 
the scales established at other laboratories. 

The Electricity Department has investigated methods for pre¬ 
venting sparks due to static electricity in dry-cleaning processes 
and in hospital operating theatres where they may ignite inflam¬ 
mable vai)ours. Preparation has been made for testing the measur- 
ing apparatus used by electricity supply authorities in accordance 
with the Electricity Supply (Meters) Act, 1936, and new sub¬ 
standards of luminous intensity were prepared for use in the Labora¬ 
tory when the new unit comes into use on January 1, 1940. This 
is to be known as the “ new candle ’’ and is one-sixtieth part of the 
luminous intensity of 1 square centimetre of a black body at the 
temperature of solidification of platinum (2040° K.). 

The Metrology Department completed the determination of the 
acceleration due to gravity at Teddington, the provisional result 
being 981 180 cm./sec.® to within about db 2 parts in a million. 
The Radio Department has been largely conc*emed with direction 
finding. Measurements of the phase velocity of electromagnetic 
waves along the ground gave a mean value of 2-95 x 10'® era./sec. 
for frequencies ranging from 2*5 to 15 Me. per sec. with no systematic 
variation with frequency. The results did not support measure¬ 
ments made in America, which indicated that the phase velocity 
along the ground for this frequency band is considerably less than 
the velocity of light in free space. 

The eleventh Annml Report of the Council for Scientific and 
Industrial Research of the Commonwealth of Australia summarises 
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the very great amount of useful work which was carried on under 
the direction of the council dining the year ending June 30, 1937. 
Most of this work was designed to assist the agricultural industry ; 
but early in 1937 a Committee appointed to consider what could 
best be done for other industries completed its reporl. and the matter 
is now being considered by the Government. It is proposed to 
establish a Standards Laboratory, to extend the technical informa¬ 
tion service, and to c^rry out research which cannot well be handled 
by individual firms. 

The investigations dealt with in tlio 1937 Report are arranged 
under the usual headings : Plants, Entomology, Weeds, Animal 
Health and Nutrition, Soil, Irrigation, Forest Products, Food 
Preservation, Fisheries and Miscellaneous, including the work of 
the Radio Research Board. 

Work on the myxomatosis of rabbits lias shown that all domes¬ 
ticated and wild animals (including birds and the wild hare) suffer 
no ill effects from the virus. Investigation of timlier suitable for 
bending has shown that red tulip oak is excellent, that brown mallet 
is nearly as good but that karri can be used only for mild bends. 
The benefits accruing from the destruction of the prickly j>ear by 
the Cactobhstis are being realised. Large tracts of country are 
being improved for wool production, and towns and settlements 
in the pear country reflect the changed conditions by their renewed 
prosperity. The cost to the Commonwealth remained quite moder¬ 
ate : the total expenditure for the financial year under review was 
less than £200,000 and of this amount nearly £60,000 was subscribed 
by interested bodies for sjiecific purjK)se8. 
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MECHANICAL THOUGHT. By W. R. Thompson, Ph.D., D.Sc., 
F.Fl.S., AHHintaiit Thd Imperial Tnnt itute of Kntornohi^y. Ti<nng 

a ileview of The Axiomatic Method in Biology, by J. H . Wooi>- 
(JKR, D.Sc. [Pp. X -j 174.] (Cambridge ; at the University Press, 
1937. 12«. Cki. net.) 

One of the most fundamental characteristics of modem science is 
tlie tendency to matliernatieal formulation. Tlie ultimate aim of 
all science, wroto the groat physiologist, Sir William Bayliss,! is to 
express in a mathematical form the discoveries that have been made. 
Many other leaders of science have said the same thing ; and there 
are a good many clear indications that those branches of scnentific 
work in which mathematical treatment is difficult, or has not 
become popular, tend now to recede into the background, like poor 
relations at a family gathering. One reason for this is the tremend¬ 
ous {>ower of the mathematical method as an intrument of exact 
prediction. Man’s marvellous conquest of material nature is in 
great measure due to it. 

But the mathematical trend or mood corresponds also to a deep- 
seated and indeed sjwific element in the great modern philosophical 
movement that originated with Descartes. ‘‘ Those long chains of 
simple and easy arguments that the geometricians habitually use to 
work out their most difficult proofs/* writes Descartes, in the 
Discours de la Mithodc, “gave me the idea that all things that can 
be known by man can be linked up in the same way *’ ; “ among all 
those who have hitherto sought for truth in the sciences, only the 
mathematicians have heon able to give demonstrations, that is to 
say, certain and evident rectsons.’* Even the religious apologetic 
of Pascal is affected by his mathematical bias and by his view * that 
though everyone seeks truth, and “ the logicians profess to lead us 
to it, the geometricians alone attain it; and outside their scienoe 
and what imitates it, there are no veritable demonstrations.*’ 

The idea that is here struggling for expression emerged full- 

^ Introduction to W. M. Feldman’s “ Biomathomatics,” 1923. 

* Ponseos, De VArt de Persuader, 
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fledged in the philosophy of Leibniz. “ My metaphysics,” says 
Leibniz, ‘‘ is entirely mathematical.” Though ” there are some who 
think that mathematical rigour is im}K>ssiblo outside of the so-called 
mathematical sciences,” this is merely because they do not realise 
that discussions of the mathematical type and what the logicians 
call formal reasoning arc the same thing.” From these conceptions 
to the belief that the symbolism used in the matl)ematical discourse 
has a general validity, and that it is possible to construct a universal 
algebra, to which ” everything tliat an angelic reason can discover 
and demonstrate is accessible,” is but a little step. Leibniz, like 
Van Holten, dreamed of a calculating machine whi(‘h would be 
arranged so as to give all the fundamental relations between given 
terms and thus enunciate all possible theorems : like the thirteenth- 
century precursor Ramon Lull,—the Balearic “ Doctor llluminatus ” 
—-with his ‘‘ Ars Gcneralis Ultima,” or machine for theological 
demonstrations, built for the conversion of the Saracens. 

The Axiomatic Method in Biology, by Dr. J. H. Woodger, is an 
attempt to apj)ly the syst/cm of symbolic logic—now’ known as 
logistic—to the biological sciences. Modern logistics, as elaborated 
by Whiteliead and Russell, is, according to Dr. Woodger, not so 
much an extension of pure mathematical methods to the field of 
logic, as a demonstration that mathematics can be deductively 
developed from logistic. But the essence of the matter consists in 
the treatment of biological material by deductive reasoning working 
on a system of symbols ; and to describe it as an application of 
mathematical methods to biology seems accurate enough for practical 
purposes. 

When we consider the “ chronic controversies ” of biology, says 
Dr. Woodger, we find that these are largely “ traceable either to 
failure to eliminate metaphysical elements from biological topics, 
or to difficulties created by the shortcomings of current biological 
language.” “ Both of these difficulties,” ho feels, ** can be avoided 
attention to the requirements of an ideal scientific lan¬ 
guage. Because if wo have a perfect language, we need not dispute, 
we need only calculate and experiment.” Words have emotional 
and other connotations which deflect reasoning, often in a very 
subtle manner. Let us then substitute symbols for words. Once 
the laws of manipulations of the symbol-system are established it 
must inevitably lead to the correct conclusions, as does the symbol- 
system of mathematics. As Bertrand Russell put it, “a good 
notation has a subtlety and suggestiveness which at times make 
it seem almost like a live teacher . . . and a perfect notation 
would be a substitute for thought.” 
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In any branch of natural science, says Dr. Woodger, we can 
distinguish the objecitivo roferanoe or subject matt/er and the language 
in which this is recorded and communicated. Work on the subject 
matter is practical : work on the language of science is theoretical. 
Practical work leads first to observation-sentence^, next to empirical 
generalisations, and, finally, to the construction of sentences which 
have groups of the generalisations as their logical consequences. A 
Science is an exact science when its language has attained such a 
degree of perfection that its syntax is completely known, i,e. when we 
know and can formulate precisely the rules of the constructions and 
sequence of sentences in it. Such a language is a cdlcnlus or axiom- 
system. 

The word axiom is not used here to designate a self-evident 
proposition. An axiom-system consists of signs and expressions 
constructed from, the signs, in ac(^ordancc with the syntactical rules 
of the system, which rules do not themselves telong to it. The 
axiom-system may be an abstract or uninterpreied system in which 
the subject-matter symbols are called empirical contrasts and 
have a definite and objective significance. In an uninterpreted 
system, a theorem is true, if it can be validly deduced from the 
axioms which, though they are constructed according to the rules 
of the system, have no objective reference. In an interpreted 
system the theorems are true because either directly verifiable in 
reality, or the source of deductive arguments whose consequences are 
verifiable. In addition to the subject-matter signs, the system 
also contains logical constants, which are symbols designing words 
connecting prepositions (suchas ‘‘ and,^* “ or,*’ “ implies ”), indicating 
values of variables in relating to some functions (as “ all,” “ some,” 
‘‘ none ”) as well as such signs as the =, x, and the bracket signs 
of mathematics. 

The main objects of Dr. Woodger’s book are to provide an 
introduction to logistic method and sketch the outlines of an axiom- 
system suitable for biology. It was not to be expected that any¬ 
thing startling would emerge from this preliminary essay. It does, 
however, give an opportunity to compare the axiomatic method 
with the ordinary procedure. 

The exponents of logistics claim that for the treatment of scientific 
data in general, ordinary language can advantageously be replaced 
by a system of signs. Now language is itself a system of signs. 
The essential character of a sign is reference to something otJmr than 
itself. Words, which are the component signs of language, refer to 
things, but not directly—merely indirectly, through the medium 
of concepts. Concepts, therefore, are also signs. But between the 
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two kinds of signs there is a profound difference. The concept is 
what the medievals called a formal sign whose entire entity, so to 
speak, consists in its reference to the thing signified ; for the concept 
is simply that in which we know the thing. The word, however, is a 
material sign and it has, in addition to its referential entity (so to 
speak), an independent entity of its own, as a sound, whic^h may 
be represented by a written word, which is a sign of the same char¬ 
acter, but one remove farther distant from the thing. Thus while 
concepts of things cannot be detached from things, worths (^an, and 
when we come to symbols, of the ty[)e used in logistics, t he detach¬ 
ment attains a maximum. 

Rational thought about things is an ordering of (^oncei)ts (in 
which we know the things), according to certain fundamental and 
self-evident laws. No self-evident connections exist between the 
material signs in themselves. The connections we are accustomed 
to find, are derived wholly from the concepts signified. But language 
is, as it were, vitalised by thought, of which it is the instrument; 
and language thus vitalised is, in its turn, a help to thought. 

Suppose, now, that we re])la(je spoken words by symbols instead 
of by written words, then we may after practice learn to think with 
these symbols, using them as signs of concepts, without the inter¬ 
mediary of the word. These symbols will then l>e ideographs. In 
the last analysis, however, we shall still be thinking with concepts, 
and the self-evident laws of thought will still govern the prociess. 

This, however, is not the method of logistics. In an interpreted 
axiom-system the symbols originally designate concepts ; and even 
in the uninterpreted system the logical constants have a meaning, 
and represent a rational relation between concepts. But the essence 
of the method really consists in detaching the symbols from thought 
and materialising the relations between them as a system of mani¬ 
pulatory rules. “ The symbols,” says an authority on logistics, 
“ must be such as to facilitate the deduction of conclusions according 
to a mechanical process in which thinking is reduced to a minimum.” 

The idea that this is possible appears to be derived from the 
beliefs that it is achieved in mathematics and that mathematics is 
nothing but a department of logic. But the object of logic is the 
, order among concepts, including, of course, the concepts of quantity 
whereas the object of mathematics is the order among gwmtities. 
The proposition that the three angles of a plane triangle are equal 
to two right angles, is a mathematical proposition. The remoning 
involved in establishing this proposition is tested by logic; but 
logic could not itself establish the proposition, because the properties 
of geometrical figures do not form part of its specific object. When 
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logic studies the relation between the concepts of quantity, it con¬ 
siders the relation as ontological, not as quantitative ; and deals 
witli combinations and dissociations on the plane of being (in esse), 
not on the plane of quantity. 

The fundamental charact/erisiic of the category of quantity, in 
which it differs from everything else, is that quantities can be added 
and subtracted. The more complex mathematical operations can 
ultimately be reduced to addition and subtraction. Furthermore, 
while the fonnal object of logic, the concept, exists only in the mind, 
the formal object of mathematics may l)e either an imaginary 
quantity or a real quantity. Thus we can make an addition not 
only “ in our heads,” but by putting concrete objects together, as 
with the abacus. The simplest kind of written mathematical 
operation is of this kind. When we put dowm one dot beside another 
dot, we have not merely symbolised the addition of quantities, we 
have actually added one concrete thing to another concrete thing, 
and the process, as an addiiicrfi, is immediately intelligible, just as a 
triangular figure is intelligible. The mathematical sign-language 
is simply a shorthand representation of this, in which rational law 
is o{)enly visible. The reason why we manipulate the symbols in 
a certain manner is not merely that we have learned a set of mani¬ 
pulatory rules, but the fact that the rational laws of quantitative 
relations are directly visible in the symbol-system and comtX)l us 
to do so. Even though we substitute a non-specific quantity-sign, 
such as a, for a sj^ecific number such as 2, our symbol remains 
adequaU and is still visually subject to the laws of quantitative 
entities.^ 

It is quite otherwise with non-quantitative entities. Geome¬ 
trical figures can, it is true, be used to represent, analogically, cert^iin 
logical connections ; but even here, the rational law involved is not 
in itself representable in the diagram, since it connects entities that 
exist only in the mind and are visible only to the intelligence. Any 
fact or factual relation can, of course, be represented by a symbol, 

^ If mathematics can be deductively dovolopod from logistics, it follows 
that what wo have called visible intelligibility is not necessary to it. This 
is, in fact, tlio opinion of the partisans of axiomatic geometry, for whom 
the euclidean continuum is not inherently privileged in relation to the non- 
euclidean continuum, though the conclusions of a geometry based on non- 
cuclidean “ axioms ** are not directly verifiable in the imaginative intuition. 
But Gonseth has shown that intuition cannot be totally eliminated from 
geometry; and this is indicated by the efforts writers using non-euclidean 
systems make to induce their readers to dee what they mean, starting from 
the basis of euclidean constructions. (Of, Sir James Joans on “spherical 
space ’* in The New Background of Soienoe, 1933.) 
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but outside of the quantitative order, we cannot make a symbol- 
system in which rational connections are xjisible : merely one in 
which they can bo learned. The exponents of classical logic assert 
that the Jogi.sti(;ians have been led by tlieir manipulations into 
erroneous conclusions about the syllogism, which suggests that even 
in relation to coiuiepts of the greatest generality one cannot safely 
trust to the system. 

But the fundamental difficulty involved in the application of 
logistics to biology is that biology is not a deductive, but an inductive 
science. Dr. Woodgor seems to believe that by applying mathe¬ 
matical logic to biology, we can develop a “ rigorously scientific 
theoretical biology.” Now “ theory ” does not, as Dr. Woodger 
suggests, conc^ern merely the language in which results are stated. 
It concerns the way in which things happen, or the causes that are 
at work. Mathematics (like philosophy and logic) is a deductive 
science, dealing with things that are essentially intelligible, so that 
when the formal object has been defined, this definition can be taken 
os a starting-point for a series of syllogistic arguments leading to new 
propositions, established by reason alone. But though this is 
possible with algebraical expressions and triangles, it is not |>o88ible 
with cows and cells. We cannot get any new information about the 
(joll, by considering our definition of it; because this definition is 
merely descriptive and does not present the mind with the intrinsic 
intelligible connections nec^essary for a deductive argument. Biology 
is therefore one of those sciences in which the student must maintain 
intimate contact with external reality, whicli perfect themselves as 
sciences, not so much by refining their language as by applying 
themselves more accurately to the facts. Here, as in all fields of 
rational effort, the perfecting of language is no doubt highly desir¬ 
able and advantageous. But in an inductive science, dealing 
formally with material objects a^id real events, the symbolic language 
of logistics, in which the reference through concept to object is 
deliberately abolished and thinking is replaced by the mechanical 
manipulation of material signs, seems essentially unsuitable as an 
instrument of thought. Much as one must admire the industry 
and enthusiasm of Dr. Woodger, it is difficult to regard his thesis as 
anything but a deliberate defiance to the nature of biological science. 
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A Treatise on the Analytical Dynamics of Particles and Rigid 
Bodies ; with an Introduction to the Problem of Three 
Bodies. By E. T. Whittakbh. Fourtli odition. fPp. xiv f 456.] 
(Fainbridgo : at the Univomty Pross, 1937. 25s. net.) 

It is now tfm yimm since the third edition of this treatise was pubhshcKl, and 
it is very gratifying to fincJ that there is still a stoady and continuous demand 
for a book dealing with tliis classical brancli of Applitxl Mathematics. It 
would Ix^ 8up<Tfluous now to atttxnpt any praise or introduction of the work. 
Since the first edition wtvs ])ublishod in 1904 it hiis boon the classical treatise 
on the subject of analytical dynamics—a work at once eminently readable, 
rigorously exact and almost encyck>p«>dienlly comprehensive?. Th<? book 
contains on almost exhaustive account of all the standard soluble problenm 
in the kinetics of particles and rigid bodies. M()rfH)ver, it contains a general 
account of the th(?or('tical developments of dynamics associaUMl with tho 
names of Lagrange, Hamilton, Clauss, Hertz, Aj)tK‘ll, and Lie. Then^ is oti 
excellent account of the njiplicatioii of the Theory of Continuous Groii|is 
to dynamics, and the volume closes with a detailed study of tho classical 
problem of three bodies. 

In tlio now cxlition rofereno€?8 to recent work have? beixi inserted. During 
a rapi<l pt?rusal of the book 1 noticed the abseiiec of only one topic wliicli 1 
should like to have soon discussed, namely the elegant geometrical treatment 
given by Darboux of the problem of tho determination of tho traioctoru?8 of 
a dynamical system. His discussion, which does not seem to be very well 
known, is given in Tome II of La Thiorie dcs Surfaces^ and by associating 
the determination of dynamical trajectories with the determination of 
geodesics of a certain Riemann manifold it throws a flood of light upon both 
problems. This is, however, a trifling criticism of the book vmder review, 
which will always remain a monumental work for students of rational 
mechanics. 

G. T. 

ContributioxiB to tbe Calculus of Variations (193^-37). [P|). 

viii 566.] (U.S.A. ; University of Chicago Press ; Grt>at Britain 

and Ireland ; Cambridge University Prt^ss, 1937. IZs. dd. net.) 

This book is tho thinl of a soritss on the Calculus of V'^ariations published by 
the Mathematics Department of Chicago University. It contains eleven 
Ph.D. theses on a wide range of topics, including the problem of I^agrange 
with various side conditions, the inverse? probk^m of the Calculus of Varia* 
tions, tho conditions for tho luinunum of a functional, etc. 
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A thesis on “ Fields for multiple integrals ” deals with the attempts which 
have been made to extend to multiple integrals some of those xiotions (field, 
invariant integral of Hilbert, etc.) which [)rovcMj so useful in the theory of 
the simple integral. The theorem of Jacobi, which statas that from a com¬ 
plete integral of the Hamiltoxi equation the tot^ility of <‘Xtromals con be 
determined by difforentiation, d(K^a not (Extend to multiple inU^grals. Attempts 
to generalise it from the functional jK>int of view have not proved of w^rvico 
in the problem of determining an oxtenial surface through a given boundary 
curve. 

Another thesis “ On the depemlence of the focal point upon Curvature 
in the Calculus of Variations " is written in the same notation as the recent 
tract on Finsler space by Cartan, with which this pap<ir has many points of 
contfvet. The Euler equations for the integral of the st'cond variation, which 
are the Jacobi equations for the original problem, are (extensions to spiices 
with a generalised metric of the equations of geodesic deviation given by 
I^vi-Civita for Riemann space. 

E. T. D. 


Introduction to Mathematical Probability. By J. V. Uspensky. 
[Pp. X -f 411, with 20 figures.] (New York and London : McGraw- 
Hill Publishing Co., Ltd., 1937. 30w. not.) 

The book starts from the following definition of mathoinatical probability 
(p. «) ; 

//, consistent with conditwtis S, tf^rc are n exhaustive^ mutually ejcdimve^ 
and equally likely emes, and m of them are favourable to an event A, then Hit 
mathematical probability of A is defined as the ratio m/n. 

The first few chapt-ers deal with the direct calculation of probabilities, 
including contingent probabilities, and load up to Bernoulli’s theorem and 
its applications (Chaps. VI-VIII). Mathematical expectation, dispf^rsion and 
stcindard deviation is described in Chap. IX, the law of largo mimbcirs and 
its applications in Chaps. X and XI, geometrical probability in Chap. XII 
and distribution, correlation and other important topics in Chaps. XIII~ 
XVI. The exposition is lucid and the subject matter interesting. The book 
will bo valuable to students in any subject involving statistics, contemporary 
physics for example. 

The relation Ixetween the caloulation of probabilities and experiment is 
illustrated in Chap. VI. Eight series of experiments are described, which 
consist of tossing a coin many times and counting the number of “ heads ** 
and similar obscjrvations. I find it difficult to understand what these ex¬ 
periments show, and the difficulty goes back to Uspensky’s definition of 
mathematical probability, in which, m he confesses in an earlier passckgo, 
the term “ equally likely ” is undefined. If the moaning is taken for grant^ 
(c/. J. M. Keynes’ statement of the “ Principle of Indifference ” in his book 
on probability), what, if anything, does an experiment with a coin indicate, 
beyond the trivial fact that the particular coin used has no mechanical 
eccentricities T However, the 8coj>e of the book is explicitly mathematical, 
and Us|> 0 nsky was perhaps wise in avoiding even the mildest excursion into 
the domain of philosophy. 


J. H. C. W. 
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The Handmaiden of the Sciences. By K. T. Beix. [Pp. viii + 216, 
with 34 figun^H.l (London : Bailli^ro, Tindall & Cox, 1937, 9s, not.) 

Profekhoh Beix has sot out to d<?scribe in simple language the applications 
of nmthomaf ics t^) physical scit^iice from the time of the Greeks to the jires^^nt 
day. Tlu' achievements of the Greek geomeU^rs, the calculus as a weapon 
for thc^ nK’asuremont of change, (/art^isian goomf3try opening out into general 
relativity are all possr^d under n'vi(^w. Discussion of thest^ matters is followed 
by chaj>terH on in variances, h'list «u3tion, wave-motion and the theory of 
groups os tht? matlK'inatics of the discrett^. The stylo is forceful and witty 
and the exjmsitions both simfilo and clear. The general impression left on 
the Header is that mathematics, though a necessary t^)ol in physical science, 
is not as perft'ctly adai)ted to the work it has to do as we coinmonly suppose. 
JScait<n’ed throughout tlu^ book tht»n^ will also be found rtunarks giving the 
author’s views on such varied subjects as school-teachers, lawyers, militarists 
and tli(> jM'rvM'rsity of human nature in general. 

Unfortunately the tri^atment can liardly lx* calltKl an objective account 
t)f a dithcult 8ubj(>ct. 'Flu' author is evidently strongly prejudiced in favour 
of the analytical as against tla» geoinelrical way of thinking in mathematics. 
'Fhus he giv(*s the impression that Uu' theory of relativity is a rather unsatis- 
fac'tory stop gap rtu^uired by minds not y(d capable of juirely analytical 
thought without, how(n'('r, stating that this is merely a personal view. Agmn, 
h(^ n^gards the logical btisis of continuity in inathfnnatics os unsound and 
obj(X!ts on this ground to the us<3 of continuous mathematics in physical 
KcientH'. By im})h(uition he swms to regard oh self-evident the j)rof)Osition 
that th(^ descTif)tion of nature must ncKJesHarily form a logically consisU^nt 
system. On lirintT grouiKl is his contention that at the present moment 
(]uantuni phimoinena suggest a la^ed for a discrete or discontinuous tyfK3 of 
mat hematics in physical seienee. But here again the cose for ” discmtc'ra^ss ” 
is by no means as strong tis Professor Bell apj^arently believes it to bo. Tho 
theory of wave-mechanics, in spite of its imfK^rfections, clearly shows how 
far it is possibh? to travel along the roivl of continuity even in dealing with 
th« atom. a c 

Segmental Functions : Text and Tables. By C. K. 8moley. [Pp. 
xliv text, with 11 ligunis -f 438 tables,] (Scranton, Pa., U.S.A. ; 
C. K. Smoley & Sons, 1937. $5.00 net.) 

The purpose of this book of tables is to facilitate tho calcidations pertaining 
to segments of a circle. Tlio Uixt explains clearly, by niunerous examples, 
the us(^ of the tables, and, when tho notation has Ixxjn mast/ored, calculations 
con easily be done. Such probh^ms m finding the h^ngth of tho chord, given 
the angle of the st^gment and the roilius, the finding of tho area of a segment, 
are capable of quick solution. The scope of the tables is somewhat limits!, 
for rejK3at-cd calculations involving segmonts of a circle are few ; possibly 
their best use would bo in tho calculations of tho flow of water in circular 
pijiea. 

In addition there are some of the mon) common tables ; logarithms ; 
squares ; cubes ; square and cube roots ; reciprocals ; and tho more imusual 
ones of logarithms of feet and inches from 0 ft. to 200 ft., and ordinates for 
the setting out of circular curves. 

All tables are written as logarithms, and this form might advantageously 
be adopted in many books of tables. A. M. B. 
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Trigonometry. By T. M. MacKobiciit, M.A., D.Sc., nncl WnxiAM Ahthttr, 
M.A. (London : Mothiien <fe Co., Ltd., 1938.) Part III : Advanced 
Trigonometry. [Pj). xi f 345-478, with 5 figiirowj, 4«, Part 
rV : Spherical Trigonometry. [Pp. x -i 479 541, with 20 
figiirofi], 3<r. 

Parts I and II of this book havo already b(M:>n reviewed in this Journal. 

Part III is concerned with the more advanctxl tispocts of the subject, 
attention being directed to the convorgono.e of series, to infinite products, 
and to functions of a comph^x variable. The treatment is df^taikd and, as 
regards scries and products, the book is as much a study of algebra as of 
trigonometry. The applications are, of course, chiefly trigonometric. (It 
is to be noted that the authors oit^ determined to popularise the hyper- 
geometric function.) 

This book will be very useful to students for botli general and honotirs 
degrees. As in Parts I and II, there is a valuable collection of worked 
example's, and the reader can test himsidf on plenty of oth(Ts at the end 
of each chapU^r. 

Part IV does for a spherical surface what Part I dot^s for a plane. In 
forty pages of text tlw? authors generalise t))p formuhe of y)lano trigonometry 
and finish with a chapter on tJuj solution of spherical triangles. Few will 
be thrilled by splierical trigonometry and, I imagine, most will bo thankful 
to the authors for their brevity. 

It is [proper here to survey Parts I-IV tis a whole. They give tlie imjjres- 
sion of a course well organised with a view to examinations. Stiid(?rits want 
tlio best theorems and those book.s have them. The student who wants to 
kn<»w why these are the bc3St theorems may be glad to have, in addition, tho 
help of a teachcT who can point out the trend and iliscuss tho significance of 
particular results. 

J. W. A. 

ASTRONOMY AND METEOROLOGY 

The Observational Approach to Cosmology. By Edwin Hubble. 
[Pj). ix -I- 08, with 7 plaU's and 3 flgim»s.] (Oxford : at the (lareudon 
JPross ; London : Humphrey Milford, 1937, 0#. not.) 

Dr. Hubble was appointed to deliver tho Rhodes Memorial Lectures at 
Oxford in 1936, and their substance is now published in book form. 

Following an historical sketch showing how cosmological ideas gradually 
progr(^ed from tho small dosed universe of tho Greeks, with its thin l>oun- 
dary shell of stars. Dr. Hubble dcHcribos the observational metluKls which, 
with the aid of the 100-inch telescope, have enabled him to present tho modern 
picture of a sample of space, 1000 million light-years in diameter, throughout 
which are scattered with approximate homogeneity 100 million nebul® 
averaging bt^twoen 16,000 and 20,000 light-years in diameter. A further 
olxjcrvational contribution is the Law of Rod Shifts, according to which each 
line in the nebular spectra is displaced towards the red by an amount increasing 
with tho apparent faintm^ of tho lu^bula. 

Different inteq)rotation8 of the^se datR produce widely different pictures 
of tho Universe. On tho natural assumption that the red shifts are duo to 
radial motion of tho nebuleo wo find that thes(' velocities of recession aocolerato 
with the distances, and we are confronted with an expanding universe of 
finite volume, so small tlmt possibly one-quarter con bo explored with existing 
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talosoopeB, and so young that tlio “ initial instant/* tnarking tho commence- 
mont of tho oxfiansion, must fall within the life-history of the earth. Alterna¬ 
tively, if the nxi shifts are ascribed to some os yet unknown principle of 
nattm^ which reducers the energy of light in proportion to the distance it 
travels through space, the observations fit in excellently with a non-expandii\g 
infinite liomogonoous universe, the observable region btung an insignificant 
fraction of tho whole. Dr. Hubble loaves his readers in no doubt as to the 
direction in which his sympathies lie. Possibly the 200-mch telescope will 
provide the key to the problem ; at prt'stmt it is obviously insoluble. 

K. W. W. 

Synoptic and Aeronautical Meteorology. By H. R. Byehs, Sc.D. 

[Pf). X 4 279, with 58 figures and 0 inajw.J (Now York and London : 

McCiruw-Hill i*uhlishing Co., Ltd., 1937. 2D. not.) 

Tuib btiok is interuled for airplane pUots and students of mebwrology who 
wish t/O Iwgin a study of tlie newer methods of synoptic metc^orology. A slight 
pnwious knowknlge of the subject is asHumed, but it can be a<Aded that previ¬ 
ous knowJ<xlgo is by no means indispensable in order to understand this vt^ry 
intcirosting account, llie author has attained his object to a very tjonsider- 
able extent, and the book is a valuable and interf^wting contribution to 
meteorological literature. Although the charts and other observational 
material are drawn from American souror^s, this acooimt of American methods 
and practice con be read with interest and profit by English meteorologists. 

After two chapters dealing with radiation phenomena in tho atmospherts 
and with stability, instability and vertical motion in the atmosphere, the 
author describes in detail what has now come to bo known os air-moos analysis. 
Ho describes the distinguishing features of different air-mjvssf^s, their classifica¬ 
tion, frequency over different parts of the U.S.A., and their relation to weather 
in general. From this we naturally pass to the procedure followed by the 
forcKJaster, with ej)ooial consideration of precipitation, fog, thunderstorms, 
tonia<loo8, waterspouts and dust-storms. C*harts illustrating tliese different 
phenomena are included, and gn-^at care was shown in the selection of the 
chttirts to be reproduce<i. We find in one of tho later chapters a clear liocount 
of tho problem of formation of ice on aircraft, and the author gives a state¬ 
ment of tho localities and cloud types in which ice-formation is probable. 
This is the first time this subject has been discussed in any text-book, and it 
is a valuable feature of Dr. Byers’ book. 

The main thesis of the book, the description of the principles and practice 
of air-mass analysis, has been excellently handkHl. The brief descriptions of 
the physical principles werc» foimd k?e8 satisfying. Fig. 3 iti the book is taken 
from a paper in which Simpson treated the radiation from the atmosphere as 
“ grey ** radiation. It would have been bettor if the author had mentioncxl 
the supercooling of water drojw in the early treatment of oonveotion of damp 
air, instt^ad of there describing the freezing of all water at 0^ C., in view of the 
fact that later on he gave such a okxa,r account of th(3 true facts. There is 
also a revival of tho ** auto-convection ** gradient, both in an early chapter, 
and on the concluding page. Few meteorologists take this lapse-rate, which 
is approximately times the dry adiabatic lai>s«-rate, as having any very 
real significance, in view of the foot that near the ground on smmy afternoons 
lapse-rates at least 60 times as gieat as the auto-convection gradient are 
frequently to bo found. 

But such oritioisma as are made above are on rather minor points, and the 

A A 
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book can be recommended to any reader who desiroB to learn something of 
the methods and results of synoptic meteorology as practised to-day in tiie 
United States. 

D, B. 


PHYSICS 

Low Temperature Physics. By M. and B. Ruhemann. fPp. x 4 313, 
with 121 figures, including 2 plates.] (Cambridge : at the University 
Press, 1937. ISs, net.) 

This book givers a very readable account of the domain of low-temperature 
physics. The authors static in their intrcwluction that they have in mind as 
prospective readers physicists specialising in other fields and students who 
have not yet begun to specialises. For the former class of rtMuler the book can 
be recommended. It contains first of all an interesting account of the histiory 
of the svxbject, a history going back just sixty years to the daU? when oxygen 
was first liquified. Thus the principal methods for the production of low 
temperaturtis are described, and also their industrial applications. The 
great/er part of the book is, however, concerned with the properties of matter 
at low temperatures and with the methods that have boon used f>o investigato 
them. An enumeration of thes(^ will give some idea of the scope of the book. 

In a chapter on the crystal lattice an account is given of the investigation 
by means of X-rays of the crystal structiu*e of condensed gases, with particular 
attention to the change of structun^ if any, occurring at tlie “ A-points ** in 
such substances tis solid mot ham*—i.c., at the points whore the apwifle heat 
shows a discontinuity. 

The thermal energies of crystals are discussed in another chapter, where 
the anomalies occurring for solid hydrogen, gadolinium sulphate, the supra- 
conductory elements, and liquid helium are among those illustrated. Further 
chapters deal with Nernst’s third law of thermodynamics and the calculation 
of chemical constants, with paramagnetism and the magnetic cooling method, 
with conductivity at low tomi>erat\ires and finally with supraconductivity. 

Naturally, in a book of this size, none of these subjects can bo treated 
exhaustively ; the authors have, however, fulfilled their aim of providing a 
lively and readable accoimt of the field in which they are interested. As a 
book for students, however, it has certain disadvantages. Many of the parts 
are so concise that it is difficult to follow them if one does not understand the 
subject already. The discussions of ortho- and para-hydrogcn on p. 194 
and of paramagnetic gases on p. 201 are open to this criticism. The authors, 
of course, have not sot out to write a text-book on thc/orotical physics ; but 
nevertheless the present reviewer finds that students reading a mainly 
experimental text-book are very discouraged by occasional passages of in¬ 
comprehensible theory. References to other text-books in which a^lequate 
explanations of the theory are given would have increased its value. 

The book was finished in December 1935, and therefore does not contain 
any account of the most recent work on supraconductivity, on liquid helium 
or on the heat capacity of metals at very low temperatures. As a book for 
the specialist it suffers through the absence of an index. Also no references 
are given in the text; there is a bibliography at the end of the book, but it is 
not always clear which reference there corresponds to a piece of work desoribSd 
earlier. For instance, on p. 215 a value of the Curio Temperature of NiClg 
due to Woltjor is quoted ; in the bibliography there are five papers due to 
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this author, and nothing to show which of these is meant. The present 
reviewer would very much prefer a definite system of niunbering for the 
refeienoes in a book of this kind. 

Perhaps the most valuable part of the book is the description of phase 
changes of the first and second order (in Ehrenfest’s sense) that occur in 
solids at low temperatures, and of the changes in crystal structure and specific 
heat that accompany them. It is a field in which the authors have them¬ 
selves carried out work of great importance, and we do not know of any other 
text-book giving an occovuit of it from the experimental side. 

N. F. M. 

Thermodynamics. By E. Fermi. [Pp. x -I- 100, with 22 figures.] 
(I^ondon and Glasgow : Blackie & Hon, Ltd., 1938. 12s. 6d. net.) 

This book is btisi^tl on a course of lectures delivered by the author at Columbia 
University in the summer of 1930. It contiuns a simple and painstaking 
account of the princijiles of thermodynamics, and the publishor’s claim that 
the aim of the book is U> develop physical insight rather than to cultivate 
dexterity in mathematical manipulation is thoroughly justified. The 
author apprexuatos the difficulties of the subject and knows how to meet 

th(3m. 

Chajiters 1 to III deal with the first and second laws ; the content of tho 
others is indicated by their headings ; Entropy, Thermodynamic Potentials, 
Gaseous Reactions, Thermodynamics of Dilut<^ Solutions and tho Entropy 
Constant—the lost containing a discussion of some of tho consoquoncoe of 
Nemst’s theorem which is taken as a postulate. 

llio historical development of tho subject is ignored. Joule is mentioned 
only twice ; onc(3 in connection with his crude experiment on tho expansion 
of a gas into a vacuum and once, quite casually, in connection with the 
heating cffixit of tho electric current. His fundamental work on the con¬ 
servation of ent^rgy is not mentioned, neither is the Joule-Thomson iX)rous 
plug experiment. Such matters may quite properly bo considered to bo 
outside the scope of tho book, but a discussion of tho meaning of reversibility 
certainly is not and it is surprising that there should bo no explanation 
whatever of tho meaning of this term. Tho use of the letter L as a symbol 
for work seems very ill-advised in a book intended for English readers, 
while the use of the suffix j to indicate the higher temperature in heat 
engine cycles has become so familiar tlmt its application to tho lower 
temperature seems almost perverse. 

Thijse ar<3 small {xiints but they are of imix)rtance in a book which, in 
other respects, is easily the best introduction to thenno<iynamic8 which the 
reviewer lias seen. The publishers would be performing a useful service if 
they could persuade the author to prepare a chapter on Radiation for inclusion 
tho next edition. 

D. O. W. 

Sound. By A. T. Jones. [Pp. xii -i- 460, with 141 figures.] (New York : 
D. von Nostrand Co., Inc.; London : Chapman & Hall, Ltd,, 1937. 
20s. net.) 

The output of books on sound in the last ten years bids fair to rival in quan¬ 
tity that on atomic physios I The present one is what is known in its country 
of origin as a ** college physios,” and is wholly experimental in character. 
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It is frankly ck^igncKi for those whose mathomatioal equipment is a mtnimuin» 
and it could easily bo used in an English secondary school. The author, it 
is true, has—rather apologetically—to introduce the concept of a logarithm, 
but the meaning of this term is explained to the uninitiated in an appendix. 
Wo do not by this intend to belittle the book. It is written in at\ intriguing 
and critical stylo, and even an ex^jerienoed teacher of the subject, who may 
have had his appreciative faculty coarsened by much hacturing to students, 
will find much that is stimulating and a good deal probably that is now. 
In particular, the biographical notes on the investigators whose names are 
mentioned will be found useful by tho teacher who does not wish to make his 
lectures entirely objective. The book is written in the classical ’’ style ; 
it has a distinct flavour of Tyndall and Helmholtz about it. Althougli a 
chaj)tor is devoted to technical applications of sound, nothing is said of 
acoustic inqxKlonoo, while supersonios is dismisstKl in a dozen lines. We are 
pleeisod, however, to find good chapters on musical instruments and the 
voice. Prof. Jomm has himself contributed to rcstsarch work in sound for 
some time past, but with unnecessary modeisty makt^ little refei’enco to hi» 
own work. Tho text is interspe^rsed with questions—not arithmetical pro¬ 
blems—for the student to ask himself. Some of those are thought-provoking ; 
others mere revision ; not a few naive. 

In short, the book will be found useful in tho higher forms of secondary 
schools and—^with some supplementary mathematical theory—for the pass 
courses in universities ; but tho price is high for an elementary text-book 
and this may mitigate against its general adoption in England. 

E. a B. 


Sound Waves : Their Shape and Speed. By D. C. Millisb, D.Bo., 
D.Eng., LL.D. [Pp. xii -f 104, with frontispiece and 04 figures.] 
(Now York and London : Macmillan & Co., Ltd,, 1937. 12tf. net.) 

Several apparently disconnected acoustical subjects are treated in this book. 
They are, however, related in tliis way that most of them have been investi¬ 
gated by means of the phonodeik. This instrument was invented by the 
author and ho describes it in considerable detail. Tho reader will not fail 
to bo impressed by the care and skill expended on its design. The book is 
divided into two parts. In the first part the phonodeik is used to investigate 
the shape of sound waves produced by the human voice, musical instruments 
and noise sources. The photographs of these eharacteristio shapes will not 
ail bo now to readers, but they form an excellent collection for purposes of 
reference. A novel suggestion (p, 61) connects tho characteristic shape of 
a musical sound wave with tho profile of the human face. It should have 
great possibilities if it meets the eye of a music-hall comedian! 

Tlie second port of the book is devoted to the results of tho author’s 
importcuit experiments on the pressure, wave form and velocity of sounds 
fVom the firing of large guns. It incorporates and extends previous inoom- 
plete reports made in several American and Canadian journals. An inter¬ 
esting method of least-squares solution is applied to tho results of observations 
on tho velocity of the sounds of explosions. Tho explanation of the abnormal 
velocity associated with these sounds is given in a particularly clear manner. 

E. 0. R. 
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Mght : Principles and Eaqperimenta. By Gsorqx: B. Monk. [Pp. 
xi 4- 477, with 269 fi^^ires.] (N«^w York and London ; McGraw- 
Hill Fublwhing Co., Ltd., 1937. 30^. not.) 

Tma lxK>k containH an atirtictivo, if Rlightly 8uj)orficial, account of the whole 
of opticB to a fttandard approximating to tliat of the English honourR degree. 
It lacks any detailed account of the ek^ctromagnotio theory, gives a quite 
inadequate^ treatment of double refraction in biaxial crystals and omits certain 
other details commonly inolud€>d in courses in this country, e.g. the standard¬ 
isation of the metre in terms of the wave-lengt h of light, the use of the Lum- 
mer plate, and all reference to colour phenomena in polarised light. On the 
other hand, it contains on excelkmt account of the aberrations of lens systems, 
discusses modem reflecting telescopes, gives a short mathematical account 
of the formation of fringes in the Micholson intt^rferon\eter and of the visibility 
of the fringes in the Michclson method for the determination of stellar 
diameters, tells its readers something of the elements of the theory of spectra 
and contains chapters deahng with photometry and with colour vision. 

The author infomis us that his object was to provide a text-book for use 
in intermediate coursiw ” in the U.S.A. which would obviate the necessity 
for using a whole series of books in order to cov(^r a proi>erly balanced course 
in the subject, and it 8(^oms likely that he may have achieved his purpose. 
Clearly, the stamiards of the various stages of learning in American Universi¬ 
ties overlap those customary here ; oven so, English students reading optica 
for pass or honour degrees will find the book very helpful, the more esj>ecially 
as the author has given reforenoes to the older “ classics ** at those points 
where exigencies of space have forced him to undesirable brevity. 

Seventy-odd pages are devote^l to descriptions of oxj>eriment8, some of 
an advanced type involving, for example, the use of a spectrophotometer, 
Miohelson and Fabry-Feiot interferometers and Babinet compensator. There 
are problems (with numerical answers) at the ends of most of the chapters 
and an adequate index. Altogether a useful, and sensible, odditon to the 
Optics library. j) q ^ 

Fimdamentals of Phiysical Optics. By Francis A. Jenkins and 
Harvey E, White. [Pp. xiv + 453, with 272 figures.] (New York 
and London ; McGraw-Hill Publlsliing Co., Ltd., 1937, 30«. net.) 

This textbook is intended for use in an advanced imdergraduate course ” 
in optics. Its scope is limited to classical wave optics presented with a 
minimum of mathcnnatics, for applications of the calculus have been pur¬ 
posely made very brief, but are always included for the benefit of those 
students with a mathematical turn of mind.’* This policy necessitates the 
quotation of many formulie without proof, including, for example, the expres¬ 
sion for the intensity of Fabry-Ferot interferometer fingers and the Fresnel 
fonnulsB for the amplitudes of waves after reflection and n^fraction at the 
surfaces of transparent media. Such a procedure is not satisfactory from tho 
point of view of English students at the honours stage and sometimes it is 
quite exasperating. Thus, on p. 113, we are told, anent the 1 -f*cosd 
obliquity factor, that Barchhoff’s treatment may be found in Bom’s OpUeg 
(f OpUk) and that the result in Drude’s Theory of Optica is incorrect. A full 
and clear discussion of this ftmdamental matter would have been of very 
great value ; it might oven have produced a material increase in the sale of 
the book ! 
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With all these restrictions the authors have ample space to explain the 
physios of many phenomena in considerable detail. This tliey have done 
with great success, so that the book is well deserving of a place in the science 
library, oven though it cannot be recommended for purchase by a student 
able to afford only one or two books on Light. 

There are particularly good accounts of diffraction phenomena of both 
the Fresnel and Fraunhofer classes, of the effects of motion on the velocity of 
light, of the phenomena associated with the reflection of light at both dielectric 
and metallic surfaces and of magneto* and electro-optics. Then^ is a short 
description of the interference theory of disj^rsion, and special attention is 
paid to the importance of the group in varioias phenomena. The treatment 
of interference is skimpe^d, and the limitation to wave optics has precluded 
any account of the theory of spectra. 

The diagrams are good and there are many half-tone photographs of 
fringes, spectra, etc. There are footnotes giving brief biograjihioal details 
of the loading personalities, problems at the ends of the chapters (no answers) 
and a good index with the principal references in heavy type. 

D. O. W. 

The Science ol Seeing. By M. Luokiksh, D.Sc., D.E., and F. K. Mobs, 
E.E. [Pp. X 4- 548, with 143 flgures and 1 “ visibility indicator ” 
in pocket at back.] (New York : D. van Nostrand Oo., Inc. ; Lon¬ 
don : Macmillan & Co., Ltd., 1937. 26^. not.) 

Thk authors of this book have, during the past few years, published a number 
of papers (most of them before the American Illuminating Engineering Society) 
in wWch they have urged that in studying the effects of lighting it is not 
suffloient to consider only the physical stimulus (illumination) and the 
behaviour of the eye when acted upon by this stimulus. “ Seeing,** they say, 
** is more than vision • . it is cm activity of the human body and mind. . . . 
Tims, seeing involves a complex oliain of events beginning with tlie external 
physical world which affects visibility and comfort, passing through the visual 
sense, eventually entering a complex realm of imobvious physiological and 
psychological effects and finally ending in an accomplishment of some kind.*’ 
They are thus led to the conception of what they term “ the human seoing- 
mochine,** in substitution for the eye, just as they would substitute “ the 
science of seeing ’* for illuminating engineering as hitherto conceived. 

Tliis novel approach should prove highly stimulating to anyone whose 
ideas on lighting show a tendency to become fixed or to travel along the linos 
of convention, and it can scarcely be doubted that for this reason alone the 
book will prove of immense value and will give illuminating engineering a 
fresh impetus and urge it to still greater efforts and more ambitious aims. 
The authors have earned the thanks of all who have the interests of good 
lighting at heart and the publishers have well performed their part in pro¬ 
ducing a book which should l>e read by every illuminating engineer. 

J. W. T. W. 

Relativity and Robinson ; A Treatise for Very Simple People. 

By C. W. W. fPp. viii + 118, with 47 figures.] (London: The 
Technical Press, Ltd., 1937. 3a, (ki. net.) 

Of the very simple people for whom this book has been written Robinson has 
been chosen for a place on the title yiagf) doubtless because he is an obliging 
person in the cause of alliteration. 
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A few years ago popular books on the subject of relativity were more 
numerous than they are now. That is perhaps l>ecauso wo have become 
hardened to the diftioultiea which relativity presents to the beginner and the 
non-Hpecialist, and are now confronted with the less pl€\asant difficulties 
of the (piantum theory. It may bo that relativistically sjioaking there are 
fewer simple people in the world to-rlay and that the number of half a dozen 
who, according to the evening newspapers, really understood the theory, 
has grown somewhat. Tlie author sr^ems to have taken this point of view, 
for he has written his book for the superlatively simple. But in spite of its 
belate<l arrival this charming little work is welcome and there will be many 
who are simph^ (uiough to enjoy it. 

The presentation of the subject is without even simple mathematics, even 
without the use of the multiplication tables and is based on analogy with 
geometry. The reader is token by geometrical steps from one to four dimen¬ 
sions. 

Only in one chapter have we felt the argument somewlnat halting and that 
is in Chapter IX, where Kobinson also raises an objection. It is on the 
<|ueBtion of changing time axes, and the difficulty seems duo to the fact that 
the author htxs not sufficiently strt^ssod the analogy with lower dimensions 
just at the point whore it is moat needed. 

This book is to be recommended to general readers and to students who 
hope? to become specialists in physics. It suoceM^ds in getting on with its 
main purpose and though written in light vein sacrifices nothing for a phrase 
or forced joke. 

H. T. F. 

The Fundamental Principles of Quantum Mechanics. By E. C. 

Kemble. International Serit^ in Physics. [Pp. xviii -f 611, with 
27 figiu’os.] (Now York and London : McGraw-Hill Publishing Co., 
Ltd., 1937. 36«. not.) 

The Elements of Quantum Mechanics. By Saul Bushman, Ph.D. 
[Pp, xiv -f 462, with 82 figures,] (Now York ; John Wiley & Sons, 
Inc. ; London : Chapman A Hall, Ltd., 1938. 26a. net.) 

In spite of the largo number of books which have been written about quantum 
mechanics, it is not always oosy to find one suitable for students who wish to 
leoni the subject with a view to carrying out research on its applications to 
physical or chemical problems. Treatises such as that of Dirac^ or Pauli's 
article in the Handbttch der Phyaik, are for the advanced research worker who 
desires to understand the difficulties inherent in, for instance, the theory of 
the interaction between matter and radiation, and the sort of advances that 
must be made before quantum m(X)hames can bo applied to the nucleus with 
the same oonfidonoo as to problems of atomic sixjctra. Or else they are for 
those whose interest in the subject is mathematical rather than physical, 
and who are interested rather in deriving the laws of quantum mechanics 
with the maximum degree of elegance from the smallest number of postulates, 
than in applying them to elucidate hitherto unexplained facts in the realm 
of physios and chemistry. 

A number of speeialiaed books exist on the branches of science to which 
quantum mechanics has been applied; for instance, nuclear theory, band 
spectra, chemical bonds, collision problems, statistical mechanics, properties 
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of solids, and bo on. But these books all aasumo that the reader has a fair 
working knowledge of both the fundaniental ideas and the mathematical 
methods of qiiantiun mechanics, and this a student/ has first to obtain from 
other sources. 

Tlien^ are, moreover, a numbi^r of books written for readers wiili rather 
limited mathematical rt'sources, such as chf'inisiK or experimental physicists 
who find it necessary to understand wliat the new theories arc^ about, but who 
do not wish to undertake theoretical research on their own behalf. But the 
student who dm^s wish to cairy out such researches will not, of course, find 
in books of this kind any detailed description of the mathematical methods 
that he will have to use, such os perturbation theory, the variation method, 
the method of Weritzel, Kramers and Brilk)uiii, and so on. 

For this reason we welcome the appearance of two straightforward, wo 
might say, humdi'mn, books about qiiantum mt^chanics. Both ih(w books, 
wo feel, could be recommended unrecervtKlly to a research student in 
theoretical physics ; they an^ not, like so many of the larlier books, written 
for readers with a mature knowledge of classical physics. 

Prof. Dushman’s book is much the more elementary. As well os the 
cliapters on quantum mechanics, there ore sections dealing with ailic»d 
mathematical problems which the student ought to understand first, such 
as the theory of vibrating strings, iMgrajigo^a equations in dynamics, and 
coupled vibrating systems. Then the book describes the SchrodingcT equation 
and its application to certain jdiysical problems, such as the transmission of 
particles through potential barriers, the hydrogen atom, the forces between 
molecules, activation energies in gaseous reactions and so on. The mathe* 
matics is in all coses j^resented fully, but treated always os a tool for obtaining 
results which can bo compared with experiment. Though the author does 
not claim any originality of treatment, he lias produetKi a thoroughly useful 
and sensible book, which can be recommended to the young theoretical 
physicist as a help in l<?aming the technique of his sitbjeot. 

Prof. Kemble’s book is more ambitious and gom more d(i€iply into the 
fundamentals of the subjtxjt, and makes some attempt at mathematical 
rigour. To use liia own words, ho has attempted to bridge the gap between 
the exacting mathematical t/^HJhriiquo used in such advanced works as that 
of von Neumann and the usual less-rigorous fonnulations of the theory, but 
limiting himself to such mathematical methods os are the common property 
of physicists to-day. If by physicist is meant the young worker in theoretical 
physics who has taken an honours degree in mathematics, we think he has 
succe^^dod. His book will also serve as a connecting-link between applied 
quantum mechanics and those text-books which deal with general principles 
only. Even when dealing with the operators and matrices, he keeps quite 
closf) to the applications of the theory. The sections on the methods used for 
obtaining approximate solutions of special problems seem to us especially 
good, as do also the discussions of the interpretation of the mathematical 
formalism, which is given in terms of Gibbsian assemblages of independent 
systems. 

A possible criticisni of both books is that very scant attention is given to 
collision problems, that is to say, the scattering of material particles or of light 
by atoms or molecules. Both books emphasise the problems of atomic and 
molcKJular structure, in which the electrons are bound in stationary states. 

N. F. M. 
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Atomic Artillery : Modem Alchemy for Everyman. By J. K. 

Romkktson, F.R.8.C. [Pp. xiv -f 177, with 26 figurcB, including 6 
platen.) (London : Macmillan & Vo,, Ltd., 1937. 10«. (k/. net.) 

This addition to the long list of books on AUnnic Physics for Educated Lay¬ 
men is w(*ll HuitiHl to those who am sufliciontly intfirested in what is going 
on to demand a more oxtonsivo and ooourate account than occasional news¬ 
paper reports, but who have little or no knowledge of mathematics or training 
in physics. To quote the preface, “ it t^dls the story of electmns, protons, 
positrons, photons and cosmic rays, and explains step by stop the games of 
shooting atoms and of turning one olornont into another.” Such a story is 
not easy to tell in a convincing arul yet elementary way. The nowooinor to 
the 8ubj(X’t may find difficulties with the chapter on wave and photon asj>ects 
of light, and the expert- may quibble with an occasional loose statement, but 
on the whole then' is no doubt that the author has succeeded in his purpose. 
After all, this is one of the ivlventuro stork's of physics, and it is stimulating 
to read of explorations mad(3 by the various workers (whose nationality is 
carefully mentioned). 

School and Public librarians will find the book popular. Its value is 
enhanced by excellent cloud-chamber photc^graphs and it is well produced, 
as may be expecU'd from the rath(?r high price. 

F. A. V. 

Glossary of Physics. By Le Roy D. Weld, Ph.D. fPp. x f 255.] 
(New York and London : MoGraw-lTill Publishing Co., Ltd., 1937, 
15s. net.) 

As soon os a physicist strays from his own partic\ilar field and atUwpts to 
read papers in another special branch of the subject, he comes across un¬ 
familiar terms and finds X’s etjuation or Y*s law taken for granted. The 
glossary before us collects most of the laws and technical terms likely to be 
encountered and givt^^ brief definitions or dc'seriptions, together with one or 
two references. 

Prof. Weld has been assisted in its conipilation by a committee of the 
Division of Physical Sciences of the American National Research Council 
and a niunber of special consultants. It is stated in the preface that the 
descriptive character of the Glossary has l)eeii emphasised from the first, 
with deliberate attempt to avoid accurate definitions or of authoritatively 
standardising the use or moaning of terms. The sole purpose is to give infor¬ 
mation as to actual usage, and in such form as to be intelligible to students 
as well as to specialists.” On the whole, there is no doubt that this purpose 
has boon achieved, though in some oases the definitions seem too brief and 
indefinite to be worth including. For example, under the heading ” ©lootro- 
magnetic waves ” we have merely ” waves of electromagnetic radiation ” 
which does not take us much further. It is inevitable that the choice of 
subjects and definitions will not suit all physicists, but it is certain that every 
one will find the book useful and convenient. 


F. A. V. 
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Engineering Mechanics. Vol. I: Statics ; Vol. II: Dynamics. 

By S. Timoshenko and D. H. Yoctng. (Vol. I : pp. xiv -f 334, with 
464 figures ; Vol. 11 : pp. xii f 323, with 314 figures.] (New York 
and Lond(m; McGraw-Hill Publishing Co., Ltd., 1937. 15^. net 

each.) 

Thebe two excellent volumes are admirably suibnl to tht^ needs of the engineer¬ 
ing student. In their preface the authors call attention to the fact tliat the 
industrial engineer is continually being confronU^d by new problems which do 
not yield to routine methods of solution, and that the need of the engineer 
is for a sound understanding of fundamt'utal principles and of general methods 
of applying thost\ They describe the aim of the book as biding “ to acquaint 
the student with as many general methods of attack as possible, to illustrate 
the application of these methods to practical engineering problems, but to 
avoid routine drill in the manipulation of standardised methods of solution.** 
It is not too much to say tliat the b(x>ks do very successfully fulfil that aim. 

The fundamental principles of mechanics are stated and explained clearly, 
ami illustrated by simple examples, and the problems involving applications 
are solved by direct reference to principles. Wliilo the subject is dealt with 
from the begiiming, progress is necessarily ratfier rapid in the early stages, 
and the books are therefore best suited to students who alrc^ody have some 
knowledge of the elements of mechanics. 

It is perhaps to b<j regretted that the authors have not dealt more fully 
with the effects of impulses ujion rigid bodies, or shown the application of the 
principle of angular momentum to such problems as those of clashing gears 
and the reactions in epicyclic trains. The connf)cting-link which these volumes 
supply in so many other cases would have been equally valuable here, and 
the problems themselves are not more advanced than some others that are 
considered. 

This is, however, a comparatively small omission, and it is recognised 
that such a book cannot deal with all possible engineering problems. In 
other respects—notably in dealing with graphical statics, the analysis of 
space frames, and such problems as the balancing of rotors, the authors have 
oonneotod theory with profjtioal applications in a way that should ensure to 
on intelligent reader a thorough understanding of the subject. 

H. T. J. 

Applied Fluid Mechanics. By M. P. 0*Brien and G. H. Hickox. 
[Pp. xiv -f 360, with frontispiece and 166 figures.] (New York and 
London ; McGraw-Hill Publishing Co,, Ltd., 1937. 21«. net.) 

The term “ Fluid Mechanics ** has strange interpretations ; O’Brien and 
Hickox use it, although their text-book exclusively concerns the Hydraulics 
of Civil Engineering, or rather certain branches of it. Admittedly in bringing 
the treatments up to date the authors draw upon the 8ckmce of Fluid Mechan¬ 
ics, but their present oontributiou to that subject is negligible, for they dispose 
of scientific matters by the metho<l of bare statement of f€U 3 t without criticism 
or even tlie direct use of oxfK^rimontal data. To some extent the engineering 
end also suffers from this defect; but hero one sympathises with the authors 
in their attempt to cater for time-starved students who always feel that 
craftsmanship is more important than theory, and so want plumbing in such 
detail that their engineering must bo in potted form. 

BVankly, even as a text-book of Hydraulics, the authors have overdone 
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the ** potting in many plaoea, thoiigh in general they do know what they 
are writing about, and do give liata of referoncee to fuller treatments. Each 
section, despite its dogmatic form, is stimulating, and the rc^ader is left full 
of questions, rather than in the usual staU' of false stxjurity tliat he now knows 
all about it. He will refer to the original piqxirs, but whether ho will bo able 
to rood them when ho sees them is more doubtful. 

Perhaps the most important new feature is tho inclusion of a couple of 
pages dealing with the “ boundary layer ” conception, which is mentioned 
for tho first time in any text-book of hyckaulics in the English language. 
Unfortunately the authors do not appear U> bo fully awan^ of its implications 
and lose tho opportunity to ox[>lain many of the phenomena described in 
other parts of the book. 

Dewpito tho prosaic chapter headings tho syllabus is definitely more 
attractive thiui any previous one written in English. Tho stylo perhaps 
is a trifio unpolished, but it is concise and t/olorably clear. There are 
oxoelient jihotographs of flow patterns and of models. The 150 diagrams 
are go<xi, but far too few in number to do justice to tho breadth of tho work. 
The index is poor. 

In a book which introduces much ru»w subject matter, one must overlook 
many faults, but it is a pity that (p. 104) right at the heart of the whole subject 
the authors should give two different curves of resistance for increasing and 
for d(M3reasing speeds. Although they w^fer to Reynolds’ basic work on this, 
they have drawn their information at second-hand and then from an erroneous 
source. 

Eqiially one feels intolerant when after being taken at length through the 
recent accurate and logical work of Karman, Prandtl, and Nikuradse (pp. 107, 
116 e< seq.), one finds that (p. 266) tho authors return to the horribly compli¬ 
cated and erroneous empirical formula of Kutter (1869) and proceed to enlarge 
upon it. 

Pumps, turbines and propellers are completely omitted ; and so are 
underground water and filtration ; river hydraulics, or rather the transport of 
bed-load and silt, is hardly mentioned. Models are disposed of too briefly 
and not too well in 30 pages. One may well ask what rtunains ; and sur¬ 
prisingly the answer is 300 pages of concise matter mostly essential to the 
Civil Engineer if ho is to understand etirrent prootioo. As, without exception, 
the other text-books in English merely siunmarise the ideas and methods in 
use at the end of the lost century, ono must regard the present one, despite 
its faults, as marking the first step towards that ideal of technical education 
which would prepare the student to face the problems of a generation ahead. 

C. M. W. 

Hydraulics : A Tsact on Practical Fluid Mechanics. By R. L. 
Dauqhsbty, A.B., M.E, Fourth edition. [Pp. xiv -f- 460, with 
318 figures.] (New York and London: McGraw-Hill Publishing 
Co., Ltd., 1937. 2U. net.) 

Morb than a hundred pages of this, the fourth edition, are devoted to a 
treatment of the statics and dynamics of fluids, the text being presented 
in such a manner that problems dealing with any fluid may readily be 
solved. The emphasis, however, is laid on problems encountered when 
water is used for engineering purposes. 

The remainder of the book deals with pipe and channel flow, and with 
the theory and design of turbines and pumps. A chapter which should be 
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useful to the student is that on non-uniform flow in open channels, and the 
well-illustrated descriptions of water power plants is welcome in a book of 
this typo. Tlio chapters dealing with turbines and pumps are illustrated 
by photographs of the tyjK^ required by the student to enable him to 
appreciate tho relationship botwtxm theoretical diagrams and actual machines. 

Throughout, the presentation is clear and concise, and mathematical 
derivations are liberally interpreted by descriptive matter and diagrams. 
Space has been saved by the wise omission of charts, which often appear 
in a work on hydraulics. These may result in a saving of labour to the 
desigtier who is fully acquainted with his subject, but they are of doubtful 
value to the student, more concerned, as he is, with fundamentals. 

More worked examples might have boon included, but the 8ft6 examples 
set seem to be of the type which the student may readily solve with the 
assistance of the text. In this connection, it would have boon bett/or if 
emphasis had been laid on the fact that there is a difference in vohune 
between the U.S. and the Imperial gallon, in consideration of the sale of 
the book outside tho United States. A welcome addition would have been 
a chapter dealing with the use of models in tho solution of hydraulic problems. 

The book is recommended to students as one which deals thoroughly 
with the fundamentals of the most important branches of hydraulic study. 
The notation used is that recommended by the American Standards 
Association. Fishkb Cassib. 

Conveying Machinery. By Wuxiam H. Athekton, M.Sc., M.I.Moch.E. 
[Pp. viii -h 188, with 17 plates and 121 figures.] (London : The 
Teclmical Press, Ltd., 1937. 21s. net.) 

The author claims thirty-two years’ experience of conveying mocliinery and 
mentions eight [lapers and a<ldres8e8 which he has road before British pro- 
vmcial engineering societies. Few oiasses of mechanical appliance are more 
universally used, or exhibit so wide a range of methods of achieving a common 
end. Mechanical handling enters in some form into practically every con¬ 
structional and industrial operation. In consequenoo one cannot exi)ect to 
cover tho whole range of tho subject, and simultaneously to give all dot^iils 
full treatment, in a book of 180 pages. 

Tho author refers to most types of conveyor, but tho source of information 
seems mainly limitcKl to one firm. This seriously dotraots from the value of 
the book. For example, the belt conveyor is undoubtedly tho most generally 
used of all types, and its applications have widened much in reoent years ; 
yet the author completes his statement on “ Band and Belt Conveyors ” in 
one section of pages and a few scattered references. Pneumatic and 
hydraulic methods are ignored, save for a general remark on blowing ooaL 
dust into furnaces. Tlie worm conveyor is dismissed with passing references 
in two paragraphs. 

On the other hand, chain-operated conveyors and elevators ore treated 
at length, and a special chapter of 32 pages is devoted to Conveyor Chains 
and Wheels.” Three-quarters of the chapter deals with the products of one 
firm, many of which are scheduled in tables; other makers’ products are 
desoril>ed generally in the remaining quarter. 

The table of unit weights of bulk materials is unusually extensive. The 
figures could be used with more confidence if the conditions of measurement 
were given as well as some estimate of the range of variation. Some checking 



REVIEWS 


S65 


of ilio individual flguros »eein8 demrable. For oxainplci the tmit weights of 
“ Portland cement ” and “ ground cement ** arc given as 86 lb. and 120 lb. 
respectively* though most Portland cement, in conditions in which it is 
carried by conveyors, ranges between 90 and 96 lb. per cu. ft. 

Descriptions are clear and well illustrated. Subject to limitations the 
book should be of use to those for whom the knowledge of conveying plant is 
only ancillary to that of the main machinery of production. The practising 
designer and constructor of conveying machinery will find some useful details, 
but ho will have to supplement his infonnation considerably from other 
sources. 

E. G. Waijkkb. 

The Battery Book. By ITahold H. IT. ('hobs. [Pp. xii -f 196, with 
92 figures.] (London : The Technical Press, Ltd., 1937. 5«. not.) 

In thtiHc days of multiplicity of electrical gadgets ” on the modern car, the 
battery is brought forcibly to the notice of owner drivers. They and other 
battery users will find that Mr. CroHs lias written a practical manual in simple 
language, aided by many illustrations and containing a number of hints and 
suggestions for their guidance. 

The lead accumulator is the main topic, but therti is a preliminary chapter 
on the Loclanch6 and dry cells, and an inU^rtssting description of the alkaline 
(Ni-Fe) accumulator. A section on Services Station Rt^jiairs is inoludixl, and 
brief descriptions of rectifiers for use when charging from the A.C. mains. 
Very few inacourackvs rnar the Ixiok, but futmo editions will bo improved 
by redrawing Figs. 3, 43 and 44, and by tightening up one or two loose 
statements, such as “ one ampere is the rate of flow of current . . “ an 

atom camiot exist os such in the free state.’* 

The binding and printing are good, and there is a usi^ful index. The 
book is adapted from Piles et AccumuUUeura Jtlectriques by the same author. 

F. A. V. 


Alternating Current Electrical Engineering. By Philip Kemp, 
M.So.Tech., M.I.E.E.. A.I.Mech.K., Mem.A.I.E.E. Fifth eiUtion. 
[Pp. X + 611, with 421 figures and 1 folding plate.] (London: 
Macmillan & Co., Ltd., 1937. 15s.) 

When a text-book roaches its sixth edition there is no need for a reviewer to 
say tliat it is an excellent book or that it fills a need. Rather should he discuss 
what qualities make this {)articular book stand out above the avereigo. The 
one under review has been written by a teacher who knows exactly what 
ground should bo covered l>y a Higher National Certificate course and, what 
is more important, ho also knows how the mind of the average student works ; 
consequently the order in which the maU^rial is presented is that which can 
most usefully be followed by a lecturer and that which will most easily lead 
the student on from section to section. From long teaching experience the 
author has evidently come to know exactly where students need most assist¬ 
ance, and where, when and how they are liable to moke mistakes. On such 
occasions he has inserted jtist that word or two of extra elucidation, or correc¬ 
tion of a possible misconception, which can be so helpful to a groping novice. 

Up to nearly the end only the simplest mathematics is used, and oonso- 
quently much has to be treated rather superfioially ; where however it is 
impossible to do without elementary calculus, proofs are given in footnotes. 
Tlds is done, for instance, to prove that the cifeotive value of a sinusoidal 
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current is the peak value divided by root two. We cannot help thinking that 
it is impossible to give sttidents much real understanding of Electrical Engin* 
eering when they have been provided with no better equipment than those 
for whom this book caters. This is, however, a reflection on our educational 
system and not on the book under review. 

The book covers fundamental principles, measuring instruments, design 
of all kinds of electrical machinery and apparatus, protection, and symbolic 
notation ; after all this, a couple of chapters follow which seem to us quite 
outside the framework of the rest of the book. They deal with transients 
and the oscillatory circuit and, of course, cannot do without some higher 
mathematics ; which though elementary do involve at least second order 
differential equations. We wonder what benefit can bo derived by a student 
for whom in the rest of the book the simplest integration has to be squeezed 
into a footnote. 

The material is thoroughly up to datfi and inchjdt^s such (for teaching 
purposes) re<3ent subjects as valve voltmeters, cathode ray oscillographs, 
cascade connected transfonners and symmetrical components. The latter 
subject is, however, brought before the chapter on Symbolic notation and is 
therefore treated geometrically only and, in our opinion, far too sm)erficially. 

Standard notation has been observed consistently in most things, but 
not in the int^thod of presenting a vector quantity. However, here the 
author seems in gocxl company, for it is rare indeed to see the standard method 
followed. Inhere are nearly as many different methods as authors, and it is 
high time that tliis chaos was abolished, and books which run into five 
editions ought to take the lead. 

Reoinald O. Kapp. 

The German Patent Position of Arc Welding Electrodes : Cover- 
ings, Welding Rods and Fluxes. By Wkknkr H. Simon, 
Dipl.Ing., A.M.lnst.W. [Pp. 80.] (Obtainable from the Author, 60 
Edgodaio Road, Sheffield 7. £2 10^. net.) 

This book consists of 80 mimeographed pages. Approximately one-third 
consists of a tabulation of German Patents classified in three different ways, 
and the remainder of the work is a record of the main claims and dates of 
these individual patent specifications. 

Tliis book is merely a catalogue of 116 granted patents (half of which 
have been allowed to expire) and of 24 recent applications. There is no 
critical discussion of any kind. T(H)hnically, it is difficult to see what this 
compilation has achieved. Perhaps it will suffice to say that if the reviewer 
liad to consult the German patent literature he would hesitate to spend 
£2 lOtf. on a volmne that was read in one hour. jj jj 

CHEMISTRY 

A Comprehensive Treatise on Inorganic and Theoretical Chem¬ 
istry. Vol. XVI. By J. W. Mbllor, D.8c., F.R.S. (Pp. x -f Bll, 
with 94 figures.] (London, New York, Toronto ; lA>nginans, Green 
& Co., 1937. 63tf. net.) 

The publication of this volume, the last of Dr. Mellor’s Treatise, is a notable 
event in the liistory of British Chemistry. Tlie last great treatise on chemistry 
written in England was Roscoe and Sohorlemmer, and for many years it has 
been thought that each branch of the subject had grown so vast that here- 
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after we should have to be content with treatises produced by co-operative 
effort with all the disadvantages of difforonoes of stylo and outlook. 

Dr. Mellor has proved that there are still giants in th(^ world, and has 
completed a task which should rank with Gibbon's Decline and Fall of the 
Roman Empire as one of the outstanding monuments of the genius and 
indtistry of a single man. The work is far from a mere compilation, and 
anyone who I’eods it cannot but be struck by the learning which has enabled 
the author t-o grasp the ossentials of the vewt mass of literature consulted 
and the lib^rary skill with which he has put the results of his research before 
UB. Praise must also b<^ given to those responsible for reading the proofs, 
Messrs. S. Theobald, A. T. (*roen and F. H. Clews, to the printers, Messrs. 
William Clowes & Sons, Ltd., and to the jniblishers, for the fre^xlom from 
misprints and tla^ f*xcellent get tip of tlu^ work ; all must feel proud to have 
bcicn associated with so noteworthy an achievement. 

As it is fifterm years since the first volume was published, it is inUmded 
to issue two supi)lf‘mentary volumes to bring the subjixst up to tlaUi, and a 
sfiocial volume is to lie prepared t/O deal with a number of compijunds on tho 
borderline Ix'tweon organic and inorganic chemistry. 

Tile present niunber deals with platinum and contains a general index 
of the whole sixU^en volum<^ coinpilcni by Miss E. M. Rigby and containing 
stnno 50,000 ontriijs. In many ways jilatinurn is an inU^resting element 
and always retains some of th<^ romance associated with it by tho chemist 
in his younger days. What youngster could fail to Ih) imprt^ssed by it>s 
unusual profiertios and by the fact that it is the only precious mental com¬ 
monly handled in the laboratory ? Dr. Mellor lias not failed to bring out 
this side of the story of tho element in his customary interesting fashion in 
addition to givdng us tho usual moss of accurate infoi’ination wo now expect 
from him. There is little one can criticise in tho book. The author, however, 
is not happy in his application of the elcKJtron theory to tho structuro of 
platinammincH, but even Homer nods sometimes. q B. 

Physikalische Metboden im cbemiscbexi Laboratorium. LPp. 

viii 4- 267, with 89 figures.] (Bt^rlin : Verlag Chemie, G.m.b.H.. 

1937, lioducod price abroad RM. 2.70.) 

This compact little volume contains a series of articles, which have already 
appeared in tho Zcitsclirift filr angewandte Chemie^ dealing with a large 
variety of tfjolmiquo. There is not any di^igned coimection between the 
several topics, except that the methods are likely to be ernployod in any 
physical chemistry or analytical laboratory. Tho first arriclo on X-rays by 
R. Brill and F. Halio is rather more descriptive of tho recent results of 
X-ray analysis of mat^orials, such as natural polymers—^proteins and cellu¬ 
lose, tho Fourier analysis of tho crystal structure of organic coinpoimds, 
than of the methods which might be applied to problems awaiting solu¬ 
tion. Next comes an account by G. Schmid of the production of supersonic 
vibrations and their chemical effects, such as the acoustic excitation of 
vibrational energy in moUx^ules and tho miMisuremont of tho compressibility 
of liquids. While it in naturally difficult to dt\al adoquatt^ly with the subjfjot 
in the space of 30 pages, a fuller description of the construction of piezo- 
olwtric supersonic generators would have been more welcome in a book of 
this nature. Tlie three following articles by G. Hesse, G. M. Schwab and K. 
Jockers, and G. M. Schwab and G. Dattler consider in a very practical manner 
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the identificiition and quantitative estimation of inorganic and organic eub- 
stances by the colours t/O which they give rise on soleotive adsorption by 
solids (chromatographic analysis). D. Dodieu in the next section on the 
Raman effect in chemistry describes briefly the contribution mode to the 
deterniination of moltxjular structure os far as this method will go, L. Rohde, 
P. Wuff and H. Schwindt describe with practical detail the physico-chemical 
implications of the accurate measurement of dielectric losses, while G. Scheibo 
and A. Rivas give an account of a micro method fur the quantitative estima¬ 
tion of constituents of an alloy by omission spectra. A short article' follows 
by E. Badum and K. Leilich with particular reference to antimony and tin 
in load. The two articles by A. Winkol and G. Proske and by G. Maasson 
on polarographic methods of analysis are well written from the experimtmtal 
fioint of view with full descriptions of the apparatus employed. The second 
article is devoted to the determination of copper, nick<'l and cobalt in stool. 
Likewise the article on photoelectric photometry is useful, as it contains a 
full account of such work. The application to the coloririKitry of colloidal 
solutions is described by Juza and Langheim. 

At the modest price of IlM. 2.70 this helpful little volume ought to find 
a place on the bookshelves of many physical and analytical chemists. 

H. W. MEIiVlIXB. 

The Properties and Ftmeiions of Membranes, Natiiral and 
Artificial. A General Discussion held by the Faraday 
Society, April 1937. [Pp. 240, with numerous figures.] (Lon¬ 
don : Gurney & Jackson, for the Society, 1937. 12«. (ki. not.) 

This volume is a record of the fifth discussion onangod by the Colloid Com- 
rnitteo of the Faraday Society. On this committee are reprosontativoa of 
the Biochemical and Physiological Societies. In consequence the papers 
contributed to the discussion are predominantly of a biological nature. The 
first and greater part of the discussion is devoted to natural membranes of 
plants and animals. Here are papers on the structure, chemical and physical 
behaviotir of such membranes. The second part will appeal much more to 
the physical chemist. An introductory paper by K. H. Moyer summarises 
the present theories of the permeability of artificial membranes. Several 
similar papers follow. There is a thorough account by G. S. Adair of the 
Donnan theory and its various ramifications. A possible metiiod of bridging 
the gap between these two parts of the subject has bet>n started by the study 
of the structure of protein monolayers by J. S. Mitchell. 

H. W. Mblvillb. 

Byatematic Organic Chemistry : Modem Methods of Preparation 
and Estimation. By Wii^liam M. Gumming, D.Sc., F.I.C., I. Vanob 
Hoppicii, Ph.D., A.R.C.Sc.I., F.I.C,, and T. Bheblook Whjbblbb, 
Ph.D., B.Sc., F.R.C.Bc.l., F.I.C. Third edition, revised by W. M. 
Gumming and I. V. Hoppioa. [Pp, xxvi f 647, with 86 figures.] 
(London: Constable & Co., Ltd., 1937. 26s. not.) 

The appeoremce of a third and revised edition of this standard text-book 
is welcome. There has been no alteration in the general arrangement and 
the excellent practice of annotating the practical instructions with theoretical 
comments has been maintained. Many of the methods have been brought 
up to date and there are frequent references to recent literature. The 
sections on quantitative analyses for carbon, hydrogen and nitrogen have 
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been re-written and a detailed description is given of the analyses in the 
“ hemi-niocro ’* (centigram) scale by Roger and McKay’s methods. In this 
section the authors have hml the collaboration of Dr, R. Roger. The 
emphasis placed on this scale of analysis is well-timed, because it appears 
fairly certain that quantitative micro-methods, although invaluable for pro¬ 
fessional analysts and specialists, are too delicate to replace macro-analyses 
for less-skilful workers, and are quite unsuitable for \indergraduate classes. 
Analyses on the centigram scale seem to offer a reasonable compromise. 

A few minor suggestions may be made. Many of the abbreviations 
used in the very full references to the original literature have an unfamiliar 
appearance. It would bo convenient if these wore brought into lino with 
those oflicially used by the Chemical Society. A few formula) of aromatic 
or heterocyclic cornpoundH (os on pi>. 107 and 237) have some but not all 
of the “ double bonds ” put in : this may confuse the loss-experienced 
reader. In view of the general use of catalytic hydrogenation over platinum 
or palladium to-day, the? authors might provide some examples of this type 
of reduction. 

The book can bo warmly recommended. 

R. P. L. 


Organic Chemistry. By F. C. Whitmore. (Pp. x 4- lOHO.] (New 
York : D. van Nostraiid Co., Inc. ; London : Chapman & Hall, Ltd., 
1937. 40«. net.) 

My first impression of this book was that it was merely a collection of facts 
such os it is now fashionable to condemn, but as I turned over the l^gos I 
continually diMoovored cnid pieces of information which I am sure are not to 
be found all togetVier in any other book—short statements about new manu¬ 
facturing processes in particular. And after mading page after page of fact, 
I asked “ Are there no theories ? ’’—^just as on reading some modern books I 
begin to wonder if their authors really prefer the shadow to the? substance. 
This at any rate, Prof. Whitmore cannot be said to do. I think ho set out 
to collect facts and he has achieved his object. He shows admirable restraint 
over the sterols and their innumerable cousins and he gives just a bird's-eye 
view of the alkaloids. Again, the author’s purpose is clear. After all, mere 
facts can he comforting. The author’s remark, quite imamplifled, that 
“ dohydroooetic acid is 2-hydroxy-6-methyl-3-acotyl-y-pyrono ” is a suitable 
epitaph for a substance which once ocoiipied the public eye for far too long. 

Wien Dr. Wiitmore allows himself to discuss theory ho is not always 
up-to-date. Thus he regards the Armstrong-Baeyer bcnzi^ne formula os a 
good one ; he gives a modern explanation of the action of alkali on o-bromo- 
nitrobenzene, but Fry’s explanation of the action of the same reagent on 
o-dinitrobonzene. He gives the melting-points of the famous ten dichloro- 
naphthalenes, but omits to mention the Milb-Nixon effect. His outlook on 
some parts of the subject is shown by his statement that the most imjwrtant 
Friedel-Crafts reaction is the condensation of phthalio anliydrido with benzene 
and that the most important use of phenol is for making bokolites. 

One excellent feature of the book is the giving of numerous roforenoes to 
the Annual Reports of the Chemical Society and to Organic Syntheses, Another 
the good index, which I commend to the notice of the quick critic before 
he gives his opinion of the work. 

With regard to the distribution of material, aliphatic has 614 pp., alioyolio 
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75, aromatic 182 and hotorocyolic 82 imges. 1 f)6r8onaUy think the aliphatic 
section is disproportionately long, but Prof. Whitmore says ho made it long 
“ in kwping with the present trend towards alipliatio chemistry, especially 
in British and American industry.” 

If the book gives us something wo should not write ourselves it is good 
for us, and opinions expressed by so prominent an American chemist are ones 
wo want to hear. 

I think industrial and bordorlino chemists will welcome the bcxik outright 
for its sheer information and I think that had it not been (piito so exj^onsivo 
it would have foimd a place on the bookshelves of many who, htid they 
written it, would liave done it <juite differently. 

K. E. Turneb. 

Modern Theories of Organic Chemistry. By H. B. W’^atson, D.So., 
F.I.e. [Pp. viii H- 218, with 21 ^igurc^8.] (Oxford ; at the Clarendon 
Press; London : Humphrey Milford, 1937. 15^. nvi.) 

The author in this book has undertaken a diilicult task and tichif^ved no 
small measure of success. His objcM^t has btH^n to present a view of organic 
chemical reactions in the light of the electron tlux>ry whicli will appeal to 
those who are not specialists and will aid the student preparing for on honours 
degree to understand tht^e modem developments. 

After a review of the electron theory of valency and of now physical 
methods of investigation of the structure and behaviour of organic com¬ 
pounds, the applications of the ek.»ctron theory to such problems as the 
strength of organic acids, substitution and addition reactions, tautomeric 
change, migration of groups and reactions velocity, are discussed. The 
exposition is notably clear and readable and the only criticism one con make 
is that, in his expresscxl desire to avoid overmuch detail, the author, by 
confining himself nminly to examples that work satisfactorily, has convoyed 
the impression that the electron theory explains everything with the greatoost 
ease. Perhaps this is most obvious in the chapter on addition to unsaturated 
compounds where the difftculties are not sufficiently indicated. If, however, 
the reader realists that the modern theories are still for from giving a com¬ 
plete interpretation of all the complicated experimental data of organic 
chemistry he will find the present work a valuable account of wliat is now 
an important aspect of organic chemistry. 

Toxicity of Industrial Organic Solvents. By Ethel Bbowniko, 
M.D. Medical Research Council, Industrial Health Research Board, 
Report No. 80. [Pp, iv -f 390.] (London ; H.M. Stationery Office, 
1937. 7s. 6s. net.) 

A VEBY largo and always increasing number of volatile organic compounds 
is now om])loyed, mainly for solvent purposes, in the arts, in industry, and 
even in the domestic household. The possible lethal effects of the vapours of 
these substances therefore require careful consideration. The Committee on 
the toxicity of industrial solvents gcjt up by the M<?dioal Research Council 
has jjoinbHi out in the preface to the jirestint monograph that ” what is not 
well known is which of these many com|X)undB might bo suspected before 
use as being dang<?rouH—and whicli are, in fact, harmless. Moreover, a 
substance which causes acute toxic symptoms when breathiKl in high con* 
oentration may be suspected of liaving some injurious effect on health when 
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iiiUekled m a loss oonoentrated form over a long period : whether this occurs, 
and if so what organs of the body may bo specially affected by such chromo 
exposure, is not known*” As a preliminary to undertaking invesstigation 
upon the possible effect of such substances, it was wisely consideied desirable 
to collate the existing knowledge of the subject, which is scattered in the 
form of communications to a host of scientific and medical journals. This 
task was entrusUxi to Dr. Browning, and the monograph imder review is the 
result of her work. 

The Committee disclaim any f)retension that it is an exhaustive record 
of the published knowledge of the subject—a precaution which seems to err, 
if at all, on the aide of modoaty, since [x>rusal of the book leaves the impression 
that no important contribution is likely to have escaped the careful attention 
wliich the author has clearly given to all iiossible sources in the literature. 
Almost every known organic solvent will bo found discussed under the suc¬ 
cessive groui>s of hydrocarbons, chloro-comj3ounds, alcohols, esters, cyclo- 
hexanols and their esters, ketones, ethylene and related glycols, or ” mis- 
eoUaneous.” The only seeming omission which has occurred to the reviewer 
is that of certain ohloro-fluoro-methane derivatives which, it is understood, 
are coming into use os refrigerants. 

A work of this kind is difficult to review, since it represents a synthesis 
of a vast quantity of detailed information upon the toxic properties of so 
wide a variety of sul>8tanoo8. The method adopted is to give the constitution, 
profxjrties and us<3s of each compound, and then preatwit a concise r68um6 
of the published data os to its toxic efifoct/S in animals and in human beings. 
The dk^ussion of each compound is followed by full bibliographical reforonoos 
to the literature. Tlie treatment appears to bo comprehensive and, at tho 
same time, the relevant data are presented concisely and disctissed critically. 
Tlie impression given by the monograph is that it will not only 8orv«d its 
primary purpose as an aid to further research, but that in itself it forms a 
detailed scientific survey of tho subject, os revealed in the literature at the 
end of 1936, which must be? of tho greatest value to those ooncomed (whether 
08 factory executives or inspectors) with the use of these solvents and with 
tho care of the health of workers who may be exposed to their vapours. The 
litorary style is excellent, and the book is furnished with a good index. 

T. P. Hilditoh. 

A Text-Book of Qualitative Cheznical Analyeis. By Akthur I. 

VoaiSL. D.Sc., D.I.C., F.I.C. [Pp. xu 4- 383, with 14 hguros.] 

(London, Now York, Toronto; Longmans, ,Greon & Co., 1937. 

7s. fJd,) 

Wkiters on practical chemistry are always faotxl with tiio difficult problem 
of deciding whether or to what extent contemporary ideas as to what consti¬ 
tutes sound icaoliing, new or improved technique or current theoretical 
conceptions should supplant or supplement traditional practice. Nowhere 
is this difficulty so patent as in text-books of qualitative analysis where— 
ignormg tho output of the more obviously plagiarisi^d texts—some recent 
authors have championed spot-tijsts or semi^mioro methods to tho exclusion 
of tlie classical methods elaborated during tho last century, whilst others 
have pleaded for a better understanding of the underlying physical principles 
or have advocated the abandonment of set “ tables of separations.” 

Dr. Vogel is to be congratulated upon his solution to these problems. 
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He has selected carefully but extensively from the wealth of new material 
and incorporated it into the well-tried traditional schemes in such a satisfaot/ory 
manner that the fresh material appears not so much as supplementary but 
rather as logically complementary to the old. 

A pleasing feature is the giving of reasonable alternative methods of 
procedure whon^ most text-books quote only the one which appears to appeal 
most to the author. For example, several possible treatments of Group II 
in the prem^nce of oxidising agents are discussed, and live methods arc 
critically examined for the treatment of Group III when phosphates are 
present. Among them is a good account of the still too little known format.e- 
buffer method of T. B. Smith. The significance of pH in analytical work is 
reasonably stressed : cresyl blue is, for example, recommend(*d for \ise as an 
indicator for adjusting the acidity before prtHjipitating the Group II sulphides. 

The increasing use of tungsten, molybdenum, vanadium and beryllium 
in the paint industry is rapidly erasing the former distinction b<*tween the 
conunon and the “ rartT elements. Dr. Vogel rcKJOgiiises this trend and 
includes a chapter dealing with their analytical relictions, togt?ther with those 
of thallium, gold, platinum, solenixim and tellurium, thorium and ceriimi. 

From the first 90 pages dealing with the theoretical aspects of qualitative 
analysis to the Tables in the Appendix, tliis book is j)acked with readily 
accessible information. (yloarJy printed, and with few serious typograjdiical 
errors, it should more than satisfy the demands of the sixth-former and 
scholarship candidate, yet will bo invaluable to the student prf^paring for 
examination by one of the professional bodies or at a University. 

H, Irvino. 

Analytical Chemistry. Vol. I: Qualitative Analysis. By F. P. 

TreadWEJLL and William T. Hall. Ninth English edition. [Pp. 

X -f 630, with 18 figures.] (New York : Jolm Wiley & Sons, Inc. ; 

London : Chapman A Hall, Ltd., 1937. 22s, 6d, net.) 

Many changes have been made in the new edition of Treadwell and Hall’s 
Qualitative Analysis, Part I (theoretical) has been largely re-written to bring 
the subject-matter more into lino with modem theory. Part II (reactions 
of cations) has been re-arranged so that the order is now that of the analytical 
groups, instead of the reverse os in the previous edition. Tliis is a welcome 
change, the old arrangement having obvious disadvantages. Several changes 
arc noted in the rest of the book. A section on semi-microanalysis 1ms been 
introduced and some sections of the former text discarded or shortened, the 
size and price of the book thus remaining unchanged. Only one scheme for 
the analysis of cations is now given, which simplifies matters for the beginner, 
and the scheme of Noyes and Bray for the analysis of rare and common metals 
has been omitted. This scheme, though excellent, is lengthy and not in 
general use, so the authors refer readers to the original text, where full details 
of the tests and manipulations are to be found. The section on spectroscopy 
* has been shortened. Owing to the extensive developments in recent years it 
is now beyond the scope of a general text-book to give an adequate treatment 
of this branch of analysis. 

These changes Imvo simplified and improved the presentation of the 
subject-matter and Treadwell and Hall remains the standard text-book on 
Qualitative Analysis. Any student who possesses this and the companion 
volume on Quantitative Analysis is completely equipped for an honours course 
in practical inorganic chemistry. J, N. S. 
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Qualitative Inorganic Analyaia. By A. J. Berry, M.A. [Pp. viii -f 
147.] (Cambridge : at the Univoraity Preas, 1938. 6«, net.) 

This book, which has boon written primarily in the interests of the Author’s 
own pupils, departs in two directions from established custom. The? author 
maintains, firstly, that the ancient and arbitrary distinction between the 
common and some of the so-oalknl rare elements can no longer be maintained, 
since many of the latter are reasonably cheap and of technical and scientific 
importance, and, secondly, that the extension of drop-reaction technique and 
the use of now n^igents is rapidly developing. The book was therefore written 
with the excellent idea of incorporating these two items in a practical text¬ 
book , of not too advanced a character, and it is to be regretted that the 
usefulness of the book has been impaired by some lack of attention to practicial 
details. The autlior has abandoncKl the triulitional tabular method of pre¬ 
sentation since “ students are apt to place too much reliance on analytical 
tables,” but the method adopt<^d do4>8 not appear to bo specially helpful to 
btJginnors. There am also cas€*s of incomplete or misleading instructions and 
some important omissions. The folhjwing may be quote<l ; (i) the student 
is not rtdininded of the importance of dilution wIkju precipitating Group II 
with hydrogen sulphide (p. 20), although he is advised to pass the gas for ton 
minuU»8 ; (ii) in Group III a he is instructed to tost the alkaline liquid for 
chromate with kwl acetate (p. 123), although lead chromate is ” readily 
soluble in sodium hydroxide ” (p. 31) ; (iii) the precipitate obtained in the 
Group III B aoparation (which is called Group IV in this book) will not 
“probably ho manganous hydroxide” (p. 127), but certainly xinc sulphide 
if these instructions are followed ; (iv) the possibility that the separation of 
Group III A from III b (the author’s Group IV) may bo incomplete is men¬ 
tioned (p. 124), but the procedure to bo followed when this hapi)ens is not 
indicated ; (v) the important tost, nitrate in presence of bronvide or iodide, 
is omitted from the “ mixcnl acids ” section of Cliapter VI ; (vi) pp. 19-21 are 
misplaced and ought immediately to precede p. 119. 

It is obvious therefore, that although the book has boon written from a 
novel and inti^resting (Ktint of view, there is scope for revision and improve¬ 
ment in matter of detail, especially if the peculiar difficulties of the beginner 
are l>ome in mind. The type is very pleasing but the biiiding is rather 
unsubstantial. 

J. N. S. 

A Scheme of Inorganic Qualitative Analyaia. By K. M. 8 todt>art, 
B.Sc., Ph.D. [Pp. viii -h 39.] (London ; William Heinemarm Ltd., 
1987. Is. 6d.) 

This little book is essentially a set of analytical tables and tests for use at the 
working bench. It is assumtKl that students using it will bo under the super¬ 
vision of a teacher, consequently precise details for carrying out the tests are 
not given and all theoretical matter (even equations) has been omitted. 
Within these limits the author lias written a satisfactory booklet which will 
serve the student as far as the Intermediate Science Examination or a little 
beyond. The book is pleasantly produced, is very free from slips (a 3 is 
omitted from the formula BaSOg on p. 27, and bioarbonates give a precipitate 
with inagnesium sulphate on boiling, p. 23) and it has the ail vantage of being 
published at a very modest price. 


J. N, S. 
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Chemical Analysis of Metals and Alloys. By E. OasGORY, Ph.D.» 
M.Sc., and W. W. Stbvrnbon. With a foreword by Dr. T. Swindrn. 
[Pp. xvi -f 375, with 51 fif^uros.] (London and Ghiwgow : Blackie & 
Son, Ltd., 1937. 168. net.) 

With the incroeising complexity of alloya a thorough knowhxigo of the funda¬ 
mental roactiona underlying analytical methotls is becoming a necessity. 
This book, which approacht^ the subject from that point of view, will prove 
invaluable to those engaged in routine analytical work os well as to students 
and teachers. 

(Raptor I is devoted to fundamental chemical principles and covers the 
ground simply and clearly, with frequent reference to familiar analytical 
reactions. Jt may be questioned, in paasing, wliether it is justifiable to give 
the clasHioal picture of the atom, in terms of elecjtrons and protons, without 
qualification. In Cliapter II the chemical properties of the elements are set 
forth and the reactions upon whicli the analj^joal methods are based are 
systematically described. This aviotion has been admirably done and all the 
more reliable methods based upon the use of organic reagents are included. 
These two chapters constitute the distinctive part of the book. 

Chapter III, “ Preliminary Operations and Considerations,” might with 
advemtage have boon (extended, and gives tlie impression of miscellaneous 
notes rather hastily thrown together. The fact that the authors clearly 
are in a position to give many valuable hints as to procedure makes us regret 
tliat this ground is not more systematically covered. 

Tlie rest of the book is devoted to analytical methods, mainly for ferrous 
materials, including slags and ores. Here the authors have added little to 
what is already available in previous text-books, but have covered the groimd 
thoroughly. The final section on non-ferrous alloys is so scanty (23 pp.) as to 
bo of very little value, and hardly justifies the inclusive title given to the book. 

The book is admirably produced and durably boimd. Tfie errors observ^ 
are mainly obvious misprints, etc., and comparatively few in number. 

S. J. Kenkktt. 


The Structiire of Steel Simply Explained. By Eric N. Simons and 
Edwin Grkoory, Ph.D., M.Sc., F.I.C. [Pp. xii -h 116, with 46 
figures, including 7 plates.] (London and Glasgow : Blackie A Son, 
Ltd., 1938. 3«. Qd. net.) 

This little book has been produced for the use of all who have to do with 
steel whether os user, student, layman or worker. There is an introduction 
by Dr. F. C. Lea, in which he points out the importance of a particular ” struc¬ 
ture ” that steel should have in order to meet particular conditions. The 
matter is based on a series of previously published monthly artiolcs on steel 
and its structure, written in simple language by E. N. Simons. These have 
been restated, amplified and corrected by Dr. Gregory, who has also added 
the final chapter on X-rays and their use in the examination of the atomic 
structure of metal and for the detection of internal flaws. The authors have 
set themselves a by no means simple task and Imve succeeded very well 
indeed, not only in describing and illustrating the different types of structure 
mot with in steel, but also the methods of securing these and the necessity of 
having thcjm for different purposes. There are certain points on which a little 
further enlightenment is desirable, but the information given on the fireesilig 
of iron-carbon alloys, critical points, impurities of steel, alloy steels, heat- 
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treatment, testing of steel and corrosion linked up with stainleiis steel is 
excellent and shtnild prove of great value to many in whoso intorf^st the book 
has btH^?n produced and for whom the low price will make it readily available. 

O. O. B. 

Colorimetric Methods ol Analysis. Vol. II : Organic and Bio¬ 
logical. By Fostkr Dek SNsnn, Ph.D., anfl Corneua T. Snrix, 
Ph.D. (Pp. xxiv 4“ 815, with 49 figures.] (New York ; D. van 
Nofttrand C'o., Inc. ; London : Chapman & Hall, Ltd., 1937. 46«. net.) 

This volume in tlu^ logical extension of the authors’ well-known treatise on 
colorimetric inetViods of analysis in the inorganic field. 

In the 52 cliapters, methods are dcjscribed for estimations of chemical, 
biological and commercial importance. Alternative methods are given full 
consideration and the most suitable method for a particular estimation is 
indicated. 

The description of the method employed in each cose includes precise 
details for making up the sample and the necessary standard solutions. A 
very valuable fetitim? is the indication which is given of the degree of accuracy 
to Ix' expt'cUxl in any particular application. 

The organic groups treated include hydrocarlxjns, alcohols, aldehydes, 
ketones, aliphatic and aromatic acids and their esters. The clinical and bio¬ 
chemical osjK^cts are fully dealt with in chapters on the determination in blood, 
senmj, urine and tissues of important compounds such as carbohydrates, 
sterols, bile acids, bilimbin, haemoglobin, hormones and vitamins. In 
addition, there arc chapters on enzymes and proteins and the determination 
of the many biologically important nitrogen compounds—including the 
alkaloids. Estimations involved in tests of ronal and hepatic function have 
not been overlooked. 

In the chapters on colour, an immense amount of information on miscel- 
Icmoous methods of commercial importance has been gathewd together. The 
range may be judged from the foot that the absorption of dye by fibres, the 
colour of soiled fabric and the hiding power of paint all find a place. 

A complete index to subjects and authors is provided. The largo number 
of difficultly accessible sources quoted in the copious references to the original 
literature is a measure of the reader’s indebtedness to the authors. 

It is inevitable in works of this type that some portions are superseded 
almost as rapidly as they are written. In the description of Zimmormann’s 
colour reaction for androsterone, for example, it has not been possible to 
include any mention of the extensions and improvements efFocted by Wu 
and Chou, Oesting, and Callow. Kober’s improvement of the original 
phenolsulphonic acid colour t^^t for female hormone by the use of naphthol- 
sulphonic acid is also too recent for inclusion. 

This book should prove invaluable—not only os a work of reference but 
08 a constant source of inspiration in suggesting profitable approaches to 
present and future problems of colorimetric analysis, 

Principles of Chemical Engineering. By W. H. Walkjce, W. K* 
Lewis, W. H. McAdams and E. R. OinunAKD. Third edition. 
[Pp. xii 4- 749, with 22B figures.] (New York and London ; McGraw- 
Hill Publishing Co., Ltd., 1937. 30s. net.) 

What may be regarded os text-books on this subject arc all too rare, and 
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earlier editions of this well-known work by Professors of Chemical Engineering 
at the Massachusetts Institute of Teclmology have proved of great benefit, 
not only to chemical engineering students, but also to industrial chemists in 
enabling them to develop a bottt)r appreciation of the proceases which they 
are called upon to operate and control. It is with regrc»t that one reads in 
the preface to the new edition of the death of Dr. Walker, and it was necessary 
for the subject matter to be revised and re-written without his collaboration. 
Nevertheless, the present edition well maintains the high standard of its 
predecessors. 

It will be generally agreed that the practice of (jhemical engineering is 
becoming more and more complex. There, is greater necessity than ever, 
therefore, for clarity in the presentation of fundamontal concepts, and for 
the development of trustworthy methods based upon them for solving 
practical problems. The authors, have borne these j)oint8 well in mind, and, 
in addition to sotting out clearly the principles \mdorlying chemical engineer¬ 
ing operations, have provided plenty of illustnitivo problems of a practical 
char£M5tor, A valuable feature is the inclusion at tlie end of the chapters of 
lists of references, wliich should prove extremely helpful to the reader in 
assisting him to extend his knowledge of the various hranch(\s of the subject. 

The most extensive changes will be found in the cliapU^rs on Flow of 
Fluids, Flow of Heat, and in tliose involving dilTiiHional processes. In all 
these cases the theoretical development of tlio subject has been clarifiod and 
emphasis laid upon detailed derivation of equations incoiporatod in the 
text. Thus, in P'low of Heat there is careful discussion of the mechanisms of 
convection and tlieir relation to the more important correlations developed 
in recent years. The subject of mean temperature difference has received 
fuller tre^itment, as has that of radiation. A section on dimensional analysis 
has been added, and the utility of consistent units empliasised. 

The chapters on Crusliing and Grinding, Sedimentation, and Evaporation 
have been revised and brought up to date, that on Filtration has been re¬ 
written, and those on Absorption and bJxtraction, Distillation, and Air Con¬ 
ditioning have Ision modified in the light of the discussion on diffusion 
previously mentioned. The treatment of psychrometry is new and includee 
humidity charts bawid on recent data. Tlie chapter on Drying gives import¬ 
ant now data and developments of recent years, and is designed to make these 
more useful in the solution of practical problems. 

The general arrangement and method of presentation of the subject 
matter are excellent, and the illustrations are admirably reproduced. 

H. W. C. 


The PrincipleB and Practice of Lubrication : A Manual for 
Petroleum Technologists, Students, Engineers, Oil Sales-- 
men, etc. By Alfred W. Nash, M.Sc., M.I.Mech.E., and A. R. 
Bowen, Ph.D., D.So., F.I.C., A.M.l.Chem.E. Second edition. 
[Pp. xii -f 345, with 96 figures, including 26 plates and 2 folding plates,] 
(London : Chapman & Hall, Ltd., 1937. 18«, net.) 

The authors have covered a vast field in a relatively small compass, but the 
result is not so satisfactory as would have been the case had they limited the 
circle of readers for whom the book was written. They deal with the physioal 
and ohemioal examination of lubricants, the design and lubrication of bear¬ 
ings, the sources of lubricants and their chemistry, friction and friction testing 
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maohines, industrial lubrication practice, and the storage and conservation 
of lubricants, but in every cose the treatment is somewliat meagre on account 
of the limitations of Hjjaco. 

In consoqiKiiico, an engineer who looks to this Ijook for information on 
the lubrication of his plant will not find a groiit deal. A student, on the other 
hand, will find mucdi tlmt is new to him, and he may be encouraged to go more 
dcH)ply into the subjtxit, to which end the references given at the end of each 
chapter will bo of osHistanco. They would be more helpful still if they were 
numbered so that rofertmoes in the text could be traced easily. 

The section in the chapter on the design and lubrication of bearings which 
deals with bejiring metals badly needs further revision, and three references 
(one of which does not bear on anything mentioned in the chapter) is a scanty 
allowance for 48 pages of text. 

The index is entirely inmlequate for a book which is intended to be used, 
in part at least, for referoncio purposes, and is unworthy of a work over wliich 
the authors obviously have taken mucli trouble. Space for a fuller index 
could bo found by omitting the Fahrenheit-Ontigrado conversion table, and 
the table of the density of water between 4*^ C. and 100” C., neither of which 
is no<jessary in a book of this kind. 

The printing and binding of the book are good and there few print^^rs’ 
errors. The appearance of the pages is rather spoilt by the acknowledgment 
which appears Iwneath practically every illustration, and in the next edition 
these individual acknowledgments should be rek^gated to their proper place 
in a prefatory note. 

The book con l>o thoroughly recommended to students and oil salesmen, 
but engineers and petroleum technologists will not find their needs so well 
met. 

H. N. Bassett. 

Modern Rubber Cbemietry. By Harky Barron, Ph.D., B.Sc., A.I.C., 
A.I,R.I.(Sc.). [Pp. 342, witli 70 figiu'es.] (London: Hutchinson’s 
Seientifio & Teolmical Publications, 1937. 18#. not.) 

This book is described os a comprehensive survey of the behaviour of rubber 
and latex in every phase of their commercial applications, but such a claim 
can hardly bo justidcMi; indeed, few commercial applications are described. 
At the present time there is a definite need for a modem book at a reasonable 
cost which can be placed in the hands of students and others interested in 
obtaining a fairly thorough knowledge of rubber technology. On reading this 
book one wonders for whom it was intemded. For students it is unsuitable, 
as many chapters are too brief, the analogies are uimeoessary, and the numer¬ 
ous references to original and sometimes little-known journals are useless. 
Incidentally, the abbreviations of the names of the journals quoted might 
at least have been restricted to those more generally accepted in the scientific 
press. For exports, the book does not contain sufficient detail to make any 
appeal. One can only imagine ttot the author has really written the book 
for those in the industry on either the manufacturing or commercial aide who 
desire to acquire a g^eral and superficial scientific knowledge of the basis of 
rubber manufacture. The book has been excellently printed and produced 
and no doubt a future edition will remedy certain errors in the text and in 
fhe diagrams, and will improve the Engliali in many places. 


T, J, D. 
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Polymerisation and it* Applications in the Fields of Rubber^ 
Synthetic Resins, and Petroleum. By R. E. Bukk, H. E. 
Thompson, A. J. Wkith, imd I. Wuxiams. AnM^riccin Choinical 
Society Monograph Sorim. [Pp. 312, with 6 figures.] (Now York: 
lieinhold PiibliHhing Corjioratioii; London : Chapman Hall, Ltd., 
1937. 375. 6(i. not.) 

The authors state tliat tlioir oliject is to collect facts and tla^ories relative to 
the subject of polymerisation ; and to arrange them in a way which will 1)0 
interesting to workers in that field. It will be noted that they have not sot 
out to discuss the facts in the liglit of general theory. This lattiir attempt 
would liave been pn^rnature. For cleanuiss, the authors have concontrati>d 
on certain fields—rubber, synthctiii rosins of the better-known typos and 
polymt'risation in the p<>troIeiun industry. Before those topics are discussed, 
there are chapters on the rt^lation between molecular structure and the rate 
of polymerisation, catalysis and polymerisation, the rat^ohanisms of poly¬ 
merisation and one on the liquid state and the structure', of polymers. In 
structure the book lacks homogeneity. It is rather like n plum cake with 
plenty of good plums in the form of th(^ tlieoretical parts popped in among 
the facts. The lack of homogi’ineity is perhaps also in part due to the large 
number of authors. This criticism is particularly well illustrat^xl by the 
eliapter on the liquid state. There is still mucli work to be done before any 
profitable theoretical discussion can bo given on the subject of polymers in 
the liquid state and of the viscosity of thc'ir solutions. This basic point is 
not made clear in tlie somewhat irrelevant and diffuse section. In spite of 
these criticisms or rather warnings, the authors have succeeded in doing 
what they set out to do. The liook is an interesting commentary on this 
important field and cmi bo read with profit by resf^aroh workers, both 
academic and industrial. 

A. 8. C. L. 


Synthetic Resins and Allied Plastics. Edited by B. S. Morrell, 
M.A., 8c.l),, Pb.ll., F.T.C., in collal)orat!on with T. Hedijbv Barry, 
F.I.C., H. P. L. BarrroN and H. M, Lanuton, M.A., B.Sc, [Pp. 
xii -f 417, with 41 figures,] (London : Oxford University Press, 
1937, 215. net.) 

This book is avowedly an attempt to bring up to date the section on Synthetic 
Resins, first compiled in 1928 as part of Natural afid Synthetic Resina by two 
of the present authors with A. A. Drummond. The intention is excellent, 
since many important developments have taken place in the last nine or ten 
years. Fxirthermore, any attempt to present in English a readable aoooiint 
of Plastics, as an auxiliary to (Jorloton Ellis* monumental work, must be 
of value. 

The scope of the work is wide and covers, both theoretically and practically, 
all plastics of importance and many loss well-known, while electrical testing 
and methods of identification are also treated at some length. An interesting 
section on synthetic rubbers is included in a chapter devoted to vinyl and 
acrylic resins. A bias towards materials utilisable in paints and vamiahes is 
oounterbalanoed by fairly detailed accounts of moulding technique and plant 
used. The causes of rcBinification are extensively, if not lucidly, oovered, 
but numerous references facilitate consultation of the original literature^ 
The several authors concerned appear to have written more or less inde* 
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pendant/ly of each otlier, bo tliat certain imperfectionB are cauaed* The 
plarming m poor (for example, the section on p. 197 dealing with resins used 
for watH^r troatin<'nt is out of place in a chapter on oil vamishes and enamels), 
there is a tendency to repc^tition (it is unneocvwary, for instance, to give both 
the tables on pp. 52 and 282) and the general lay-out is muddled. Not 
only are misprints too numerous to be mentioned in detail, but so many 
formulfie and authors* names are wrongly given, that proof-reading would 
appear to have been a formality. Some passages, for example that on 
pp. 34- 7 dealing with phenol and fonnaldehyde, contain so many inaccuracies 
08 to bo misleading. The actual style of writing not only k^wls at times to 
ambiguity, but reduces the pleasure of rcwiing. 

Despite its defects the book sliould prove valuable to most workers 
employed in the field of Plastics, either for reference puri>oses or for the nmny 
latent ideas contained in it. Students may, however, be repelled rather than 
encouraged by the tmresolvod complexities of the work. 

N. J. L. M. 


GEOLOGY 

Ground Water. By C. F. Toi^man. [Pp. xviii 593, with 189 figures.] 
(New York and I^ondon : McGraw-Hill Publishing Co., Ltd., 1937. 
36«. net.) 

Thk problems conne^cUnl with the circulation of the wat^r in the rocks which 
form the surface of the Kartli are naturally of great practical importance. 
The possibility of obtaining good water from the btxls which can be reached by 
wells and bore-holes frequently detonniuos the practicability of establishing 
human occupations in the area.. 

Many people will be indebted to Prof. Tolman for giving thorn in one text¬ 
book detailed infonnation regarding the different aBj)Octs of the problems 
involved. Since, however, he states that the main portion of the book is 
based on the lecture course given at Stamford University, California, tuid at 
the University of Arizona, it is natural that great emphasis is given to the 
belmviour of ground water in those arid and semi-ai'id areas, and conse¬ 
quently nearly aU the examples are taken from the U.S.A., and, ajmrt 
from a few references to a German text-book or two, practically no mention 
is mode of the large amount of information relating to ground water which 
has been obtained in Europe. Nevertheless, many readers in this country 
will be glad to have the theoretical considerations brought together in one 
text-book. 

The arrangement of the book follows the natural course of dealing with 
small-scale details first, passing on to the larger questions and applying the 
details to them. There are useful defiiutions of porosity, permeability, etc., 
with experimental details given. A short chapter on soils, their classification 
and importance in ground-water studies, might with advantage have been 
rather larger. A couple of chapters deal with seepage and percolation in 
detail, mainly however through the examination of samples of incoherent 
materials, either in the laboratory or in the arid areas of California. 

The study of the water table in rooks is divided into the water table in 
granular pervious material and that in firaoturos and solution openings in 
hard rocks. In this way the similarities and difference between the two 
types arc <unphasised. 

It is unfortunate that there are so few maps of actual cases of water-table 
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levels, their seasonal fluctuations and the effects of pumping on water tables, 
moreover such maps as are given have no scale whatsoever and the contours 
shown, although numbered, give no indication of tlie tmit used. 

The chapti^r dealing with confine<l water, that is water in a wator-bimring 
rook or “ aquifer ” sandwiched between two irnp<^rviou8 confining formations 
or “ aquicludos ** contains much useful information and the (question of the 
effect of compressibility and elasticity of tJie rooks is dealt with in some detail. 
It is claimed that under suitable conditions the reserve water may bo squeezed 
out of the rocks, both permeable and impermeable, by compaction of the 
grains and that where there is only temporary loss of pressure by pumping 
the rocks may recover their former water content. Permanent compaction 
of the material with loss of water may lead to surface lowering and several 
cases in support of this are quoted. 

The book ends with an account of the methods of drawing up groimd- 
water inventories and a discussion of the major ground-water provinces in 
the U.S.A. 

To British readers the work will bo a valuable addition to the subject of 
ground water. Some may f(?ei that there are so many disturbing geological 
factors when dealing witli water in solid rocks that calculations based mainly 
on laboratory experiments on unconsolidated materials are of more theoretical 
than practical value. 

This aspect no doubt is partly due to the difference between the semi-arid 
conditions of California and the more humid climate of this country whores the 
percentage of thick unconsolidated alluvia is much loss. 

W. B. R. K. 

Our Wandering Continents: An 'Hypothesis of Continental 
Drifting. By Alex. L. Du Toit, D.8c. [Pp. xiv 4- 366, with 48 
figures.] (Edinburgh and London : Oliver & Boyd, 1937. 18«. not.) 

This is a bold attemi)t to reconstruct the history of the earth on the basis of 
Wegener’s thcK)ry of continental drift. Wegener himself in conjunction with 
Kdppon has alrotuly made a similar attempt, but Du Toit’s reconstruction 
differs from theirs. Wegener imagined that all the masses of sial which form 
the present continents were originally united into a single sheet, with shallow 
seas upon its surface. Du Toit follows Staub in supposing that there were 
two independent sheets, Laurasia in the north and Oondwana in the south ; 
but he has missed a great opportunity which tliat conception offers. 

One of the strongest arguments in favour of the reconstructions of Wegener 
and Du Toit is that in the south they bring together regions which ore now 
widely separated but which were once the home of the Olossoptoris flora 
and the fauna associated with it. The force of this argument is greatly 
weakened by the fact that both flora and fauna occur in North Russia, for 
from the reconstituted Gondwana. Not only Glossopteris but also reptiles 
and freshwater shells very like those of South Africa are found there. Du 
Toit and others suggest migration ; plants, reptiles and shells must have kept 
pace with one another for 6600 miles, including a sea-passage. If, however, 
Laurasia was an inde|>endent mass we may imagine that during the Glossop¬ 
teris period its present northern coast lay against the southern coast of 
Oondwana, and North Russia was close to South Africa. Subsequently 
Laurasia travelled round the earth through the area now occupied by the 
Pacific Ocean—Antarctica was not then in the way—and finally reached its 
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present position, with its south border near the north border of Gondwana. 
It is a voyage of loss than 19,()00 miles, and according to modem estimates of 
geological time an average rate of a mile in two or throe thousand years would 
have Iwen ample. The supposed westerly drift of Gro(?nlaud is much faster 
than this. For those who do not like either of these explanations the possi¬ 
bilities are not exhausted. The years since the war have been remarkably 
prolidc in theories of the earth and there is now a wide choice. 

It is seldom that Du Toit’s imagination fails, but his reasoning is often far 
from convincing. He is so sure he is right that he forgets liis rtjader. He is 
positive, for instance, tliat tho movements in the Scottish Highlands are 
Taoonian and not, as is usually thought probable, Caledonian. He gives no 
reason but even the least critical rofwlor will see that he holds this view because 
it fits in better with his ideas. Like Wegener ho selects facts that suit his 
theories and ignores those that do not; but he has not Wegener’s skill in 
marshalling them. Wogener, right or wrong, is always interesting ; Du 
Toit is so sometimes. p 

Structural Evolution of Southern California. By R. D. Rked and 
J. 8. Hoixistrb. [Pp. xix 4 167, with 9 plates and 67 figtiros.] (Tulsa, 
Oklahama : American Association of Petroleum Gwlogists ; London : 
Thomas Murby & Co., 1936. $2.00 or 9s.) 

Of recent years the American Association of Petroleum Geologists has pub¬ 
lished a series of ©xcellont memoirs dcwignod to elucidaU^ tho stratigraphical 
and structural geology of oil-bcaring regions in Western America. The 
latest of those volumes, under review, may be regarded os a sequel to tho 
larger work on the Geology of California publish(id in the same series a few 
years ago. Southern California was tho lost of the major gfX)grax)hicaI 
divisions of the State to bo subjcctind to detailed geological examination, and 
tliat was in connection with prospecting for oil. Since 1920 nearly tho whole 
of the southern region has been mapped in considerable detail, but publication 
has been sporadic and incomplete. Structural interpretation in Southern 
California is thus largely based on tho work of oil geologists, and the adequacy 
of the data depends therefore on the attractions of tho various districts for 
tho prospectors. Thus tho Tertiary areas are most fully and carefully 
mapped, Cretaceous areas less so, and Pre-Cnitaoeous areas hanlly at all. 

After a aliort introductory chapter stating the tectonic problems, the 
diastrophic history of the region is dealt with from Lower Mesozoic epeirogeny 
to Post-Pleistocene disturbances which ore still proceeding with earthquake 
activity. Californian structural history is shown to have involved an alterna¬ 
tion of widespread orogenic and epeirogcmic phases which have affected all 
tectonically comparable areas. Chapters III to IX deal with tho structuroa 
of various areas in more detail, and Chapter X provides a summary and 
conclusions, in which some theoretical points are treated, althoxigh the authors 
explain that they have been more interested in the geological history of the 
structures than in their mechanical causes. 

The book is well illustrated by a number of clear, woU-drawn diagrams, 
maps and sections, and with plates of photographs of scenery and structures. 
One of the latter is a fine aerial photograph showing the course of the great 
San Andreas fault. A well-executed geological map in nine colours, on the 
scale of 1 : 600,000, occupies a pocket. 


G. W. T, 
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The Geology of South-Western Ecuador. By G. Bbbi>fabd, D.Sc.» 

Fh.D., F.G.S. [Pp. xiv 4 276, with 196 figures, including 14 plates,] 

(London ; Thomas Murby & Co., 1937. 26^. net.) 

This general description of the geology of south-western Ecuador is the first 
work on the geology of that state to bo publishe<l in English, and supplements, 
with many new details, the monumental work of Dr. T. Wolf, the former State 
Geologist of the Republic. Much of the information d(mling with t his thinly 
populated and geographically difficult region has becni afforded by the pioneer 
exploratory work of the Anglo-Ecuodorian Oilfields Co., to which full acknow¬ 
ledgments are rendered. 

After an introductory cliapter. Chapter TI dt^als with Climate and Physio¬ 
graphy, Chapter III with the Sedimentation of the Tertiary Formations, otid 
Oiapter IV with Stratigraphical Geology. Chaj^tor V, on the Tertiary Larger 
Foraminifera of South-Western Ecuador, htv? bocni contributed by Dr. T. 
Wayland Vaughan. The succeeding thrt>o chapters deal resf^ectively with 
Structural Geology, Cherts and Igneous Rocks, and Petroleum ; and the 
volume closes with a comprehensive bibliography of the geology of Ecuador, 
and a full index. 

The formations are all of Tertiary age, ranging from I^owor Eocene to 
Pliocene and Pleistocene, with an imconformity between the Eocene and 
Oligocone. The author deals fully emd successfully with the complicated 
problems of sedimentation and petrography in these highly variable sand¬ 
stones and shales, which ore regarded as having been formed imder conditions 
ranging from shallow water, through inland lagoon, to estuarine and deltaic. 
The abnormal occurrence of huge boulders of Andean igneous rocks within 
the fine-grained sediments is explained as due to transport by slowly moving 
mud fans. The peculiar Ancon Clay Pebble Bod which, along with normal 
pebbles, contains polished, faceted, and occasionally roimded i>ebblo8 of hard 
clay embedded in a softer clay matrix, has btxm the subject of some con* 
troversy. While the stratum is primarily of clastic origin, considerable 
tectonic movement and thrusting has been concentrated within it, and has 
contributed to its peculiar features. Chert veins and aggregations witliin 
the Tertiary sediments are believed to be of hydrothormed origin, and to be 
connected with igneous episodes. 

This book shows signs of acute observation and considerable originality 
in treating of the modes of formation of abnormal sediments, and is, moreover, 
a guide to the local geology, which will prove of value in any future exploration 
of the country, llie illustrations are oxcollent, but the geological map 
which forms Fig. 1 is rather difficult to read. 

G. W. T. 


Economic Geology. By H. Ribs, A.M., Ph.D. Seventh Edition. [Pp. 
viii -f 720, with 63 plates and 267 figures.] (New York : Jolm Wiley 
Sons, Inc .; London : Chapman & Hall, Ltd., 1937. 25«. net.) 

Thb sixth edition of this work was published in 1930 and was reviewed m 
Vol. XXV, 1931, p. 713. In spite of the fact that the subject matter has 
been brought up to date, a number of ohangenfi made, new references added, 
and the chapter on Oil and Gas oomplett^y re-written, there has been a 
reduction in the size of the book by no fewer tlian 140 pages. This has been 
portly accomplished by a reduction in the space formerly devoted to statistics. 
There ore some misprints and misspellings wliich have not been corrected 



EBVIBWS 


383 

from previous ©diiions. “ P. Bruii ” (p. 359) should bo “ A. Brun ” ; and 
“ porphyry ” is still missiKdled no fewer tlian six times in Fig. 136 (p. 432). 
The reforencos again betray insuliicieiit knowledge or api)rtKjiation of mm- 
Americon sources of infoi-mation on economic g(M)logy. The chapters on 
Petroleum and Natural Gas, and on Ore Deposits, are particularly good, and 
the book maintains its position os ono of our host texts on the subject of 
economic geology. 

G, W. T. 

Gold Deposits of the World. With a SfHJtion on Prospecting. By 
W, H. Emmons. fPp. vii 4- 562, with 332 figures.] (New York and 
London : McGraw-Hill Publishing Co., Ltd., 1937. 36^. not.) 

This book presents oocoimts of the geology of the principal gold-mining 
regions of the world, and of many of the smaller fields. As oxi^lairied in tho 
Preface, tho treatment is chiefly dcsoriptivo, empirical and statistical, with 
roviows of tho hyjwthesos that have been put forward to explain tho geological 
relations of tho particular fields. Novert-heless, in the introductory cliaptor, 
tho author propoimds his own general theory of tho origin of gold deposits. 
He believes that they are formed by precipitation from fluids given off by 
cooling baiholiths mostly of granitic and granodioritic composition. Tho 
veins are located in definite positions with respect to various parts of the 
batholithic structures, and ospochdly the roofs and hoods of tho intrusions. 
“ Hood ’’ appears to bo a new tenn introduced to indicate th(^ thin upper layer 
of a batholith which contains metalliferous veins ; below it is the “ barren 
core,’* and the irregular surface which marks off the hood from tho barren 
core is called the “ dead lino.” 

Tho introductory chapter in which the origin of gold dt^posits and their 
oomiection with batholiths is discussed is a distinct contribution to tho subject 
of igneous ore deposits, and contains several illiuninating diagrams. Tho 
implications of tho above theory of origin provide data which may bo of uso 
in searching for gold, and the final chapter of tho book deals with prospecting 
from this point of view, although it contains nothing on tho mechanical 
technique of prospecting. 

The remainder of the book <U>als with the gold deposits of tho world 
on a geographiced basis. As the author is an American professor, North 
America is naturally done in most detail, occupying 218 pages, Australasia 
and Africa come next with 89 and 65 pages respectively, while Asia with 51 
pages, South America with 48 pages, and Europe with 31 pages, bring up tho 
rear, which is, of course, only very roughly in the order of produciivonoss. 
Tho descriptions are written in the barest of detail consonant with clarity, 
and without critical comment, so tliat the work takes on tho cliaraotor of a 
compendium of the world’s gold deposits. 

llio value of the work is greatly enhanced by numerous clear and simple 
diagrams, maps and sections, all dona in a standardised style. In a work of 
worldwide scope such as this mistakes in the speliing of unfamiliar place names 
con hardly be avoided, as for example, among others, ” Mount Poloo ” 
(p. 17) and “ Marionethshire ” (p. 308). An oxooUont index has boon 
provided. 


G. W. T. 
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Introduction to Plant Pathology. By F. D. Hkald, M.S., Ph.D. 
McGraw-Hill Publications in tho Agricultural Sciences. [Pp. xii 4* 
679, with 200 figures.] (New York and London: McGraw-Hill 
Publishing Co., Ltd., 1937. 24a. net.) 

Thosk who are fanuliar with this author’s Manual of Plant Diaeaaca will not 
need to bo reassured as to the exoollonco of tliis Introduction. It is indeed a 
somewhat briefer treatment of the same material as tho Manual^ rearrangcxl 
and brought up to date and with some shifting of tho emxdiasis laid on certain 
parts, and there are some additional oliaptors, e.g., on Control, but it is esstm- 
tially the same book covering practically tho same ground. The attempt is 
made to give a view of the relation of plant diseases to human affairs in general 
and not merely as indeptmdent phenomena designed to puzzle the examinee. 
It is divided into six sections. The first is Introductory, and covers the 
general considerations, such as historical development, definitions, symptoms, 
dissetnination, etc., and this is followed by eleven chaptf^rs on parasitic diseases 
classified according to tho syst-omatic position of tho organisms causing them, 
e.g., there is a chapt/or given to asoomycetes, throe to basidiomyoeb^s and so 
on. Tho fiifficulty of classifying virus disoasc^s is got over by creating a 
special section of two chapters, and this is followed by a thre^-chapter stxjtion 
on non-parasitic diseases. There is a section on control or prtwention, and 
finally one on methods, which might well have been omitUnl : it is not 
really possible to deal a^leqtiately in 22 pages with the nieth(xis neot^ssary in 
studying parasitic, virus and non-parasitio disease. 

Tho information given is comprehensive and trustworthy, and the whole 
subject is covered satisfiUJtorily 6Uid adequately. Thor© are, of course, points 
whore other opinions might bo held than thosc^ advanced here : tho Actino¬ 
myces scabies, for example, is removed from tho position it held in th© 
Manual as a bacterial disease and classificKi now under diseases duo t/O imper¬ 
fect fungi ; and tho yearning for systematic ordorlinoss cliaracteristic of the 
author’s countrymen leads to groupings which sometimfis seem rather forced. 
But on the whole this is a thoroughly sound book, useful to teacher and 
student, with a range that is not so conveniently covered in any other book 
of its sizo. 

J. Henderson Smith. 

The Structure and Development of the Fungi. By H. C. I. 

Gwynnb-Vauohan, G.B.E., LL.D., D.Sc., F.L.S., and B. Barnes, 
D.Sc., Ph.D., F.L.S. Second edition. [Pp. xvi -}- 449, with frontis¬ 
piece and 309 figures.] (Cambridge : at tho University Press, 1937. 
18«. not.) 

The new edition of this well-known text-book follows the general linos of its 
prodccossor and will be weloomod by tho inyoological student as incorporating 
much of th© significant recent literature. This has involved a substantial 
increase in size, an increase, moreover, which is fairly uniformly distributed 
between the various chapters and which is well illustrated by the lengthening 
of the index of references—from 30 pp, in th© earlier e<lition to over 40 in th© 
one under review. 

To deal first with a major point, one can suggest that this book suffers 
from the defects of its merits. In view of tho senior author's eminence as a 
student of fungal cytology, one is not surprised to find that especial emphasis 
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is laid upon cytologioal beliaviour^ and that in particular certain groups of 
the Ascomycetes receive rather detailed treatment. Broadly, the amount 
of text allocated to any one fungus is proportional to what h^ boon written 
about its nuclear history. One may fairly ask whether this is a reasonable 
basis of presentation, more particularly with reference to the needs of the 
general student. Cytology is, of course, detailed structure, and cytologioal 
examination is necessary for the determination of those critical transition 
stages—^from haploid pliase to diploid and tnoe versa —^which are accepted as 
being of fundamental imjK)rtanoo throughout the plant kingdom. The broad 
results of cytologioal study are thus all-important, but one is tempted to ask 
what value is to bo attached to much of the detail of fungal cytology. Though 
there is room for some difforenoe of opinion on this point, it is indisputable 
tliat many of the details are as yt^t incapable of interpretation. The student 
either ignores them or, if a prospective examinee, commits them laboriously 
to memory. And this raist^s the greatest objection, in the reviewer’s opinion, 
to the cytologioal bias in mycological presentation. The student must of 
mM3e88ity take so much of the information on trust. Only in a few labora¬ 
tories has the student access to a reasonable number of good preparations, 
and it is doubtful if, in any laboratory, he has either the time or the skill 
to make any usc^'fiil ones of his own. If then it is considered important that 
training in general mycology should involve tho handling of material, the 
oytological approach introduces severe limitations. Judged on this basis, 
therefore. The Structure and Development of the Fungi is not a well-profH>rtionod 
text-book for the general student, excellent guide though it may bo for tho 
advanced worker who is interesteKi in cytologioal aspects of fungi. 

The plant pathologist cannot justifiably complain because plant diseases 
arc merely alluded to in passing, since the authors set out to describe fungi 
and not the diseases produced by them. But it is surprising to find that tho 
large and important group of the Fungi Imperfecti are dismissed in two pages. 
Many of these are extremely common and important in their human relation¬ 
ships. Tho student is bound to meet them over and over again if ho collects 
microfungi and more especially if he does cultural work. Though they are 
held to l>e devoid of sexuality, they show at any rate a great variety of struc¬ 
tural features, and they offer a perennial problem to the export in classihcation. 
One is therefore struck by tho contrast on noting that, for example, seven 
pages are allotted to tho Rhizidiaoeie, a group of water fungi, many of which 
have been recorded only once. Very few students, or possibly even teachers, 
have seen one of them. They are very inadequately studied and at most are 
of speculative interest only. In the circumstances it does not seem unreason¬ 
able to suggest that two {>ages of text is a very meagre allowance for tho Fungi 
Imperfooti. 

Here and there one notes statements which are loosely expressed or even 
incorrect. Thus cross-connections between hyphee are said to be “ nutritive 
in origin.” They may be so in function, but they cannot bo so in origin. 
Then “wood-destroying fungi flourish equally well on living and dead 
tissues.” Much evidence could l>e quoted against this statement. More 
signihoont, as likely to lead to misunderstanding, is the definition of the 
words “ hetero-” and “ homothallism ” as given on p. 6. According to this 
definition all fungi which have more than one strain are to be called hetero- 
thallio. This term would thus include nearly every fungus of which the 
cultural oharactors have been studied. The further discussion of heterothal- 
Iknn on p. 40 is obscure in parts (the wording of the first sentence, for example, 

CO 
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is unfortunate), but it goes on to fix that wider use of the word which has 
become customary of late but which is different from its original use by 
Blakesloe. The heterothallism of Mucors is not comparable to that of certain 
Asoomycotes, and the common terminology leads to loose thinking. The 
difficulty is not met by the introduction of the terms “ monoeciioiis and 
“ dioecious,” for those terms should bo restricted to conditions so<^ii in 8ix)ro- 
phytic plants. Perhaps clarification of the terminology is not ]X)88ible at the 
moment and must await a fuller understanding of the physiological processes 
involved. 

The text-figures, and ospec'ially that largo number of them which relate 
to cytological matters, are admirably executed. There is, as there was in the 
e€irlier edition, an excellently written account of the jibysiology of the fiuigi 
—given gratis, so to speak, since there is no suggev^tion of it in thf> title of the 
book—and there is a most useful apjiendix on mycological iochnique. 

W. B. 


A Textbook of Plant Virus Diseases. By Kjcnnkth M. 8mith, 
l).Sc., Ph.D. [Pp. X -I 615, with frontispiece and 101 figures, includ¬ 
ing 1 coloured plate.] (London : J. & A. Churcliill, Ltd., 1937. 
218, net.) 

This is a sort of expanded and annotate bibliography, in which is briefly 
and clearly summarised most of the information available on all the recog¬ 
nised (and many suspectod) diseases and the viruses causing them. As such, 
it is an oxcc^edingly useful compilation, meeting a felt want. It brings 
together in convenient form data which are recorded in several languages 
in many journals, some of them difflciilt to procure, and it will save the 
specialist many hours of rather irritating labour. It includes a detailed 
account of the insoots concerned in transmission, and an appendix which 
summarises xmder each host plant the chief symptoms of the various diseases 
found ux>on it. The illustrations are well-selected, helpful imd numerous. 

For such a book some system of orderly arrangement is of course essential, 
and the system adopted is a compromise between a olossiflcation by diseases and 
a classification by the viruses themselves. This is admittedly a difficult 
and controversial matter, which has been and still is under consideration by 
a 8pf>oial international committee under the presidency of Prof. James 
Jolinson, who submitted a provisional scheme at the last Botanical Confer¬ 
ence. Johnson’s scheme bos boon adopt<xi as a basis in this book, but it 
seems particularly unfortunate that the writer has in many cases departed 
from that scheme and assigntMl to the vinises numbers different from those 
given by Johnson. For example, Johnson’s potato viruses 10 and 20 are 
here numbered 1 and 2. These two an? the most imjx)rtant of the potato 
viruses and may perhaps claim priority of rank. But the principle of num¬ 
bering viruses according to their ooonomio signifloanoe must load to eventual 
renumbering and consequent confusion in the case of newly discovered diseases 
in hosts less thorotigbly studied than the potato. The author, however, hopes 
that “ the book will lessen the confusion now existing in the study of plant 
virus diseases.” There is no discussion of several importimt subjects, 
e,g, immunity, which one would expect to find in a text-book, and the title 
seems to be misleading in some respects ; but the book will deservedly find a 
X>lace on the shelves of every worker on plant viruses. 


J. H. S. 
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An Introduotion to Eoonomio Botany. By Jaxdss Gillbsfus, B.So. 

The New People’s Library, Vol. III. [Pp. 96, with 7 figures.] 

(London ; Victor GoUanoz, Ltd., 1937. 1«. paper, Is, 6d. cloth.) 

This is on informative little book. “ Economic bof^any ” may be held to 
cover an immense^ field and, limited by loss than one hundred small pages, 
the author has selected os subjects for a series of chapters or essays aspects of 
plant breeding, fungus disi^aBos, virus tliseascs, climatic control of vegetation, 
weeds and the improvement of the land. The first thirty pages, however, 
servo mainly as introductory matter for the non-botanical reader and deal 
in an elementary manner with plant anatomy, the chemical basis of plant life, 
energy relationships of plants, growth and development, the practical applica¬ 
tion of the sciontifio facts and principles involved being illustrated by familiar 
examples. The autlior has brought to his task a wide knowledge of the 
rapidly exf^anding scoxh) of “ applied botanical work, coupled with a capa¬ 
city for compressed atat/fnnont which stiinulat^^ rather than tiros the reader. 
The result is a small volume which contains a remarkable omoimt of informa¬ 
tion, thoroughly up-to-date and noteworthy for the variety of the topics 
described. Thus, wt^ have rofi^renco to the gas-storage of fruit and veget¬ 
ables, plant hormones, vitamins, growth dormancy, vernalisation, photo- 
periodism, Mendelism and cytology in relation to plant breeding, destruction 
of wotxls, grass drying, silage, the ripening of fruits, disease. The book 
concludes with a chapter of suggestions for study and further reeling. 
No attemi)t is made to enter the wide field of commercial plant products 
winch are usually implied by the term economic botany. 

S. B. C. 


Weeds, Weeds, Weeds. By Sik Chahles V. Boys, LL.D., F.R.S., Hon. 

F.R.S.Edin, [Pp. 69.] (London: Wightman & Co., Ltd., 1937. 

Is, net.) 

This small book is a personal account of a weed-destroying contest, by one 
who is clearly a man of quite extraordinary energy and determination, and 
who lias written his story in a simple but direct and lively manner. There 
arc very definite signs of keen observation, as indeed one might expect from 
one of such attainments as the author. From the botanical point of view 
one could wish there bad been fewer printing errors— e,g, ribwart instead of 
ribwort, and speoifio namos with capital or small initials rather at random. 
An editor, also, might too easily find fault with the punctuation, or lack of 
it \ This tends to make some passages “ difficult,” These mild criticisms, 
however, do not in any way oanoel tlie foot that tliis little book is a very 
straightforward, interesting and practical account of on able scientist’s 
devoted attempts to make and keep his own land both clean and productive. 

Sir Charles Boys is not alone in his opinion that the Creeping Thistle 
{Cnicus arvenais) does not commonly propagate itself by seeds, but that the 
soeds are mainly infertile I Dr. G. H. Bates, who has made a close study of 
this species, some time ago came to the same conclusion. Nevertheless, in 
addition to Sir Arthur Hill, both Prof. John Porcival and the present reviewer 
gresw the species from seed many years ago. There are several other books on 
weeds, but all who would like to spend on hour or two with an intimate 
and interesting writer on the subject can be recommended to read Sir Cliarles 
Boys* aide of the oonversation at his imaginary tea-party mder the apple 
It will coat them little 1 Long. 
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The Chromosomes. By M. J. D. White, M.So. Methuen’s Monographs 
on Biological Subjects. [Pp. viii -f 128, with 20 figures.] (London : 
Methuen & Co., Ltd., 1937. 3s. 6d. net.) 

Recent investigations on the chromosomes have boon both numerous and 
fruitful, and while the results have been brought together, the biologist, whose 
interests are not primarily cytologioal, must have felt the nef^d for some less 
comprehensive treatment on the subject. The proscmt book provides such a 
summary. It is unfortunate that the limitations of si>ace have made certain 
aspects of the subject appear more difficult than, in fact, they are ; moreover, 
the attempt to deal with so large a field of resecurch in so small a compass has 
inevitably led to some dogmatism. This feature, however, should add to, rather 
than detract from, the value of the book to the non-sjjecialist reader, and it is 
to such, and to the advanced student of Botany and Zoology, that the book 
may bo recommended os a lucid resume of our present knowledge of chromo¬ 
some cytology. 

F. W. J. 


AGRICULTURE AND FORESTRY 

A History of Agricultural Experimentation and Research in the 

United States, 1607-1926. By Alfred Charles True. United 

States Dei>artment of Agriculture, Miscc3llaneous Publication No. 251. 

[Pp. vi 4 321, with frontispiece and 11 figurc^s.] (Washington : U.8. 

Government Printing Office, 1937. 25 cents, paper.) 

In no country in the world has agricultural research been developed on a 
grandfT scale than in the United States, and there is probably no one bettor 
qualified than Dr. A. C. True to writ© its history. Ho has achieved a remark¬ 
able feat of condensation in compressing on enormous amotmt of material 
into some 300 pages, without omitting any of the grf^t movements. Many 
references are given to fuller sources of information, and the student wilLhave 
no difficulty in following up the different branches. 

Some kind of agricultural experimental work was forced on the first 
English colonists, and Mr. Carrier’s historical investigations published in 
1923 in his Beginnings of Agriculture in America are quotCKi in support of the 
date 1607 as a starting-point. More definite experiments were made by 
John Winthrop at the instance of the Royal Society on the ix)ssibility of 
brewing hoot from maize : these are published in the Philosophical Trana^ 
actions for 1678. But it was not till the middle of the nineteenth century, 
when Lawes and Gilbert at Rothamstod and various workers on the Continent 
had shown what science could do for agriculture, that widespread attention 
was paid to the subject, and then it was taken up with great energy and 
enthusiasm. Experiment Stations began to b© founded in the ISSO’s : then 
in 1862 the Agricultural Department was sot up, and it expanded rapidly and 
continuously till now it is by far the best known and most comprehensive 
Agricultural Department in the world. Several important Acte, notably the 
Hatch Act and the Adams Act, have ensured automatic growth of revenue 
with the increasing need for agricultural investigation : their history is given 
in sufficient detail, and reference is made to the famous clause in the Hatch 
Act which was responsible for a good deal of voluminous publication, requiring 
each station to issue bulletins or reports of progress at least once in three 
months. The event showed that this condition liad serious disadvantages, 
a result that has been of great value to other stations. 
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The book is illustrated by portraits of some of the leaders of agricultural 
Boienoe in America many of whose names become household words wherever 
agricultural scionoo is studied. Students and experts all over the world will 
be giateful to Dr. True for this history, and they will hoj>e that lie may give 
thorn more out of the stores of information at his disposal. 

E. J. Russell. 

Crop Management and Soil Conaervation. By Joseph F. Cox and 

Lyman E. Jackson, Ph.D. [Pp. xviii -f 610, with frontispit^e and 
199 figures.] (Now York : John Wiley & Sons, Inc. ; London : 
Chapman & Hall, Ltd., 1937. 13 a. 6 d. net.) 

Tins olassd>o(jk, de<licated to the future farmarf* of America, is a warning 
against the evils of soil deterioration and a guide to crop cultivation. The 
reckless exploitation of soil fertility in America goes back to the days of 
pioneer farming ; it was aggravatoii during the War by the substitution of 
cosh cro{>« for soil-conserving crops such as grass and legumes, and later 
by the jK)licy of maintaining production in the face of disappearing exports. 
Less and less was sfxmt on fortili8(3r8 and lime, and little was done to help 
the soil to withstand the continuous drain on its resources. Such neglect 
has led t/O the deterioration of over 100,000^000 acres of land, mainly through 
the ravages of soil erosion. 

The vital importance of soil conservation in American farming is reflected 
in the govommont control meiisures that exist to-day and, as might bo 
expected, much of the text of this book is punctuated with warnings of the 
dangers of living on soil capital rather than by conserving its fertility. Very 
pro|)orly, therefore, the spectre of soil erosion keeps the reader company 
throughout the first port of the book, which deals with the principles of crop 
management, including chapters on manuring and fertilisers, crop-soil 
adaptations, seed raising, planting, harvesting, marketing, crop diseases and 
pests, etc. Useful suggestions for classroom discussions and for field work 
are given at the end of each chapter, with the object of encouraging the 
student to think out local crop management problems for himself. Having 
decided'on the most suitable combination of crops, ho con then refer to the 
second part of the book, in which a practical and informative accotmt is given 
of the cultivation of sp<H;ific crops. Although the information in this section 
of the book is based particularly on farm practice in America, it is likely to 
prove of considerable value wherever crop production problems are under 
consideration. 

A. J. Lloyd Lawrence. 

Forast Bibliography to Slat Dacambar* 1933. Part II. Compiled 
and published by the Department of Forestry, University of Oxford. 
[Pp. 79-199.] (Oxford : HaU the Printer, Ltd., 1937. 12a. 6d.) 

The first part of the Forest Bibliography appeared in 1936 and included 
Section A-^eneral Forestry—and the first two subsections of Section B— 
Silviculture. Part II continues and completes references to literature in 
Silviculture under the headings, Natural Reproduction, Artificial Reproduc¬ 
tion, Tending, Silvicultural Systems, and Notes on Trees. 


A. S. W. 
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ZOOLOGY 

Biology for Medical Students. By C. 0. Kentschet., M.Sc. (Load.), 
arid W. R. Ivimey Cook, Ph.D. (Lond.)* With a Foreword 

by O. E. Cask, C.M.d, D.S.O., F.K.C.S. Second edition. fPp. 
xii 664, with 444 figures.] (Loncloii, New York, Toronto : Long* 
mans, Green & Co., 1937. J8a. net.) 

The second edition of this book has been revised and also extended greatly 
so as to include the changes brought about by the joint syllabus adopted by 
the Universities of Oxford and Cambridge. Of tlie newer portions of the 
work dealing with Zoological aspects it need only lie said that they seem 
as adequate for the purpose as the similar jxirtions of the older edition wore. 
For the botanical side, while a number of mistakes in the former edition have 
been corrected, it camiot, unfortimately, bo said that they am not now more 
numerous than should be expeotisl. In Chapter XIV the wallfiower is 
described and figured ; it is stated in the text that eacli flower bud arises 
in the axil between the leaf and a stem ; this, of course, is not so, as is very 
properly shown in the drawing. 

The algal section is treated with some care but here again Fig. 197 is 
described in a very misleading way and the tf^rm unequal heterogamy 
applied on p. 362 to a condition seen in some spcxiies of spirogyra seems 
unnectiSHary and confusing. On p. 399 the doscrifition of tyfxjs of branches 
is not mode definite enough, and advantage is not taken in the figure of 
the lime twig (Fig. 234, p. 398), to indicate in the drawing or with labelling 
its sympodial natun^. On p. 411 there is a reference to stipules (Fig. 246), 
and this would seem to suggest that the tendrils of the cucumber are stipular 
in nature. In this section on stipules the extraordinary statement is made 
that occasionally, as in certain grasses, they may become enlarged and take 
over the functions of leaves. Fig. 398 of the muoor sporangium would seem 
to suggest that the columella is pushed up into the sporangium, and in 
Fig. 406 c., tlio wall delimiting the oogonism from the hypha bearing, it lias 
disappeared. 

The general get up of the book is good and the price a very reasonable one. 

E. M. C. 

Recent Advances in Entomology. By A. D. Imms, M.A., D.So., 
F.R.8. Second edition. [Pp. x 4- 431, with 04 figures,] (London .* 
J. & A. Churcliill, Ltd., 1987. 16«. net.) 

The new edition of this valuable work of reference is sixty pages longer 
than its prodeoessor and has ten more figures ; it wjsts half a crown more. 
A numlxir of sections have boon rewritten {e.g, Palteontology, Locusts), and 
eighteen of the old illustrations have been omitted. The bciok remains what 
it was when first published in 1931, a very useful and up-to-date summary 
of those branches of entomology in which progress has recently been most 
rapid. Only a few aspects of Physiology, in its broadest sense, are dealt with; 
but part, at least, of what is not touched on has bean summarised in other 
recent books. 

Certain comments and minor criticisms may be made. If the oonolu- 
sions suggested by palmontology (p. 102) are to be accepted, the endoptery- 
gote type of metamorphosis must have been evolved more than emoe. 
Entomologists have not yet really faced the consequences of this possibility. 

Although Ramsay’s work on the theory of water-loss in insects is men- 
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tioned, its oonsequenoes have not been fully assimilated. It is no longer 
true to say (p. 234) that tho SaSuration Deficit is the index of the evaporating 
power of tho aii*, for, os tho U^mfXJraturo increases from 0° to 30” V,, the 
ovaj>oratiiig power (for tho samo saturation deficit) inoroasos by 25 i>er cent. 
Moreover, in actual experiments, several additional factors may make the 
relation betwot^n mitiiratiou deficit and evaporation still more complex. 

The account of tho biological races of rnosquit/oos (p. 291) is not altogether 
in accord with Hockott’s (1937) latest summary of tho subject. This field, 
however, is atlvoncing so rapidly that it is difiicult to keep pace with tho 
new facts that are l>eing brought forward. 

One misprint has been noticed (p. 413, Pantarthrum), O W R 

Wonders of the Great Barrier Heel. By T. C. Rouohley, B.So., 
F.K.Z.8 . fPp. xvi "} 282, with 30 coloured and 15 black and white 
plates.] (Sydney ; Angus & Robertson, Ltd. ; London : Australian 
Book Co.. 1930. 16^.) 

ALTiiOUGH many have seen tlie bleached skeletons of coral in museums, 
whonoo some idea may be obtained of their remarkable variety of form, yet 
few have had tho opportunititw of sef«iing a living coral reef. And those few 
are not so much amazed at tho various forms displayed but rather at the 
wealth of colour. It is now possible for the Ifjss fortunate who cannot travel 
far afield to gain some idea of thwe wonderful hutis, for Mr. T. C. Roughley 
has written a most delightful and itistmctivo book very fully illustrated with 
colour photographs. T1 h> first thing the* happy jK)SHt^or of this book does 
is to txmi the pages until all the coloured plates have boon swn, because 
never before has such a series of coloured photos been published. Tho plates 
are reproduced from Lumi^ro autochromo transparencies, and they art> very 
true in hue. Although perliaj^s not quite so vivid as in nature, owing to the 
small size of their reproduction, they do portray that soft delicacy of shade 
so typical of coral colours. 

The book contains 52 of those colour plates illustrating, besides tho coral, 
many of tho typical animals of the reef. There are also a number of black- 
and-white half-tone illustrations, amongst which an unusual photograph of 
a fiying fish in flight is esp<H;iaUy deserving of mention. 

But in our zeal to examine these beautiful illustrations we must not 
forgot that the book has printed pages. Mr. Roughley is an Australian 
zoologist of repute and wide in his interests. He has written this book as a 
nature lover’s guide to tho Great Barrier Rtxjf of Australia, that great system 
of rcxjfs which stretches for 1,260 milt^s along tho Queensland coast. After 
throe introductory chapters on the nature of tho reef in general a number 
of chapters are devoted in turn to tho different groups of the animal kingdom 
represented on tho Reef. The features of tho nxsf and examples of animals 
dealt with are well chosen. In foot, every item tliat remains in the mind of 
a naturalist who has studied on these coral reefs seems to have been included 
and an extraordinarily true and detailed picture of the reef pi'osented. By 
way of interlude there are occasional passages of topical interest, including 
some of Mr. Rou^ley’s own exporienoos, in which ho shows himself very 
human as well as a good scientific observer. The book is written primarily 
for the layman to stimulate in him an interest in the reef. There is no 
doubt tlmt it will do this, for tho lives of the various animals are described 
in so interesting and simple a manner. But the descriptions are also accurate 
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and the book should perhaps act as an oven greater stimulant to the trained 
zoologist, for whom a glossary of scientific names has been appended. Mr, 
Roughley is to bo congratulated on writing so fascinating a book and the 
publishers, Messrs. Angus and Robertson, for producing it at the moderate 
price of fifteen shillings. 

¥. S. R. 

Cold Spring Harbor Symposia on Quantitative Biology. Vol. V, 
[Pp. xvi ”1' 433, with numero\is figures.] (Cold Spring Harbor, L.I,, 
N.Y. : The Biological laboratory, 1937.) 

The C.'old Spring Harbor Symposia have established themselves as liU^rature 
to which biologists look forward, and the jjresent volume, devoted in a general 
way to endocrinology, is an important addition. Sox-hormone effects 
receive attention in many of the articles, os do the relations between the 
pituitary and other glands. The chemistry of sterols which are physiologically 
active is dealt with, and a useful list of units in hormone assays is given. 
It is impossible to mention individually all the 43 papers which compose 
the book, and to make an exception would bo invidious. 

G. R. DB B. 

Practical Zoological niustrations. Part I: Vertebrates. By 

S. Lockyer and D. R. Crofts. (London : Macmillan & Co., Ltd., 
1937. 28 Cards in Portfolio, lOir. (Vi, net. Cellophane Envelop© to 

take one Card, 1«. net.) 

This work consists of a number of simple figures of dissections of the dogfish, 
the frog, the rabbit, and the heart of the sheep. They are executed in 
black and wliite, with red and blue for tho vascular system of the rabbit. 
They are intended to help students to make tho dissections for themselves 
and to save tho time expended in reading wordy descriptions. While the 
drawings by their largo size and clarity may reasonably bo expected to 
assist elementary students to find their way about their first dissections, 
they can hardly be regarded as sufficient substitutes for the existing dissecting 
manuals and guides to practical work. There also remains tho danger that 
the students may cojiy the figures instead of drawing original diagrams from 
their own dissections. The authors consider that they have guarded against 
this danger by making each illustration a faithful reproduction of an individual 
dissection and not a generalised diagram. It is, however, optimistic to 
think that this will by itself act as an effective deterrent to the hardened 
picture-copying student. 

Apart from this, the idea of those cards is novel, and it will be interesting 
to see how they fulfil their purpose in practice. 

G. R. DB B. 

The Locuet Outbreak in Africa and Western Asia in 1936. By 

B. P. UvARov, D.Sc., and Miss W. Milnthorpe, B.Sc. Economic 
Advisory Council Committee on Locust Control. [Pp. 56, with 
9 maps.] (London : H.M. Stationery Office, 1937. Za, net.) 

The present report covers the year 1936 and the early months of 1937. Two 
of tho species, the African Migratory Locust and the Red Locust, have 
continued the decline in numbers which was noticed in previous reporte. 
Although this is an immediate benefit to agriculture in the countries which 
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these speoiee inhabit or invade, the benefit will be short lived if the absence 
of an acute emergency leads to any interruption of the research and of the 
intelligence syston which have boon built up. This is clearly shown in the 
report on the Des<?rt Locust, Schistoccrca grr^aria (Forsk). This species has 
apparently started bn^eding up swarms in the coimtrk«^ bordering on the 
Red Sea. The situation is not yet serious, but may well become so, for 
instance, in Egypt. The new outbreak, if such it is, is beginning in an area 
already under close observation and news of the impending invasion has 
b€»cn sent U> all the countries threatened. Unlike previous invasions, the 
present one will Ih) mot everywhere by Agricultural Services fully prepared 
to combat it. This is one of the greatest economic justifications of the intelli¬ 
gence system, which now only requires to bo supplemented by an international 
agreement for keeping watch on all areas where outbreaks originate. 

O. W. R. 


MEDICINE 

Applied Mycology and Bacteriology. By L. D. Galloway, M.A., 
and R. Bimoicss, M.Sc., Ph.D. [Pp. x -f 180, with 1 plate and 
3 figures.] (London : Leonard Hill, Ltd., 1937. 10s. net.) 

It is obviously not possible to oomprt^ss into so small a bulk an even remotely 
adequate accoimt of fungi and bacteria, and this volume nmkes no attempt 
to do so. It is intended simply as an elementary review of its subject, which 
shall assist the non-specialist to a bird’s-eye view of the bewildering mass of 
detail included imdor the terms mycology and bacteriology, and at the samo 
time direct him to the literature where he may find a fuller account of any 
branch in which he is particularly intorostod. Human and animal diseases 
are soarooly touched and the main scope is the part these organisms play in 
industrial processes. It is divided into two parts. The first deals with the 
classification of fungi and bacteria, the apparatus and methods of handling 
and identifying them, their metabolism and their control. It is the barest 
outline, and on the tochnioal or manipulative side can give only a general 
idea of the kind of operations involved without enabling a novice actually 
to isolate and identify any organism. The second deals with the part played 
by the organisms in the food industries (storage, transport, etc.), fermentation 
and textile industries, some aspects of hygiene (such as the examination of 
water and the disposal of sewage) and of agriculture, with a final chapter on 
misoolloneouB subjects, such as timber, rubber, leather. All these otg treated 
on the broadest lines, and little more is done tlian to indicate in what parts 
of the social organisation micro-organisms are important and the way in 
which they function. Within its limits the subject is accurately and com¬ 
petently treated and may meet the requirements of a public which wants to 
know why so much attention is paid to these seemingly insignificant forms of 
life. The industrial sections in particular are excellently handled. 

J. Hsnbbbsok Smith. 

An Introduction to Bacteriological Chamiatry. By C. G. Andebson, 
Ph.D.(Birm.), Dip.Bact.(Lond.). [Pp. viii -f 278, with 6 figures.] 
(Edinburgh : E. A S. Livingstone, 1938. 10«. 6d. net.) 

As stated in the preface, this book is the outcome of lectures delivered to 
students for the University of London Academic Diploma in Bacteriology 
and more recently to students taking Bacteriology as an Honours Subject 
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in the University of Edinburgh ; it is intended to cover the requirements of 
students and research workers requiring some understanding of the metabolic 
behaviour and chemical nature of the organisms they are handling, and to 
keep the size of the book within roasonablo limit>H the author has assumed 
a knowltnlgc^ of elementary organic chemistry and of a certain amoimt of 
bacteriology. The book is divided into throe parts entitled General Con¬ 
sideration, Mc3tabolism, and Some Asptxjts of Immunochomistry. In th© 
first of these ore contained some commondably clear and concise accounts 
of hydi’ogoii ion concentration, oxidation-reduction potentials, colloids 
and adsorption including the elements of the electronic theory of valency, 
enzymes and the chemical composition of bacteria, yeasts and the lower 
fungi. Pigments fwid growth factors are but lightly touched on in this 
section, but have special chapters devoted to them in the later portion of 
the book, though it must be admitted that the treatment of the bacterial 
pigments is somewhat mc^agi'e. Part II, devoted to metabolism, comprises 
fourb^n out of a total of twenty-one chapters ; the selection of material 
from the enormous amount available is altogether admuable and contoms 
in succinct form a wealth of infonnation which is only to bo found in a much 
scattered literature. By a liberal use of structural formulro and a lucid and 
interesting style of writing the author has contrived to amass inW a small 
compass a surprisingly comprehensive amount of instruction which should 
servo as an excellent equipment for all who wish to obtain an insight into 
what the author describes as bacteriological chemistry, but wliioh in fact 
includes the cliomistry of yeasts and lower fungi as well. 

The very complex subjects of antigens, haptens, antibodies and the 
mechanism of antigen and antibody reactions are ably dealt with in two 
cfiapters comprising Part III of the volume, and a short appendix at the end 
gives methods for the isolation and identification of metabolic products. 

P. H. 


The Biological Standardiaation of the Vitamins. By Kathkrins 

H, Coward, D.Sc. [Pp. viii -f 228, with 44 figures.] (London; 

Bailli^ro, Tindall & Cox, 1938. 12^. fid. not.) 

Thr object of this book is to give, in simple straightforward terms, a detailed 
and comprehensive account of the techniques employed for the biologioal 
assay of the four vitamins, A, Bj, C and D. Within its strictly prescribed 
limits, the book is very comprehensive. Tlnis, for example, advice is given 
as to the b€)st strain of animal to use, the management of the animals, their 
housing, and so on, as well as the actual arrangement of the assay experiments 
themselves. In all this the authoress draws on her own very wide experience 
of this typo of work. Indeed, the book has been written primarily with the 
purpose of placing at the disposal of others the large amount of valuable 
information gained in the course of many years spent in vitamin research 
and assay. 

The second part of the book, from Chapter VII to Chapter XII inclusive, 
deals with the statistical evaluation of the results of the animal experimetits. 
An elementary but lucid account is given of the fundamental notions involved, 
and of the arithmetical calculations to be carried out. It would of course 
be inappropriate in a book of this kind that this part be in any way elaborate 
or eomplioatod, but it might be suggested that some reference be made to 
the modifications required, when the number of animals is small, say 
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than 10 or 20. Thia point ia of praotioal signifioanoe, as ten is not an uncom¬ 
mon number of animals to use in a biological assay. 

This book will obviously bo of the greatest value to all scientific workers 
interewt^nl in biological asnay of the vitamins. In spite of the remarkable 
advances in vitamin chf unis try which have boon mode during recent years, 
it would tliat the biological method of osstiy will still remain one of 

practical importance. This is because the comjx>undH ore so active and the 
amounts present ore in consequence normally so small, tliat chemical methods 
fail. The importance of accurate methods of assay, both for ordinary food¬ 
stuffs and for special vitamin preparations, ntMHls no emphasis. The present 
volume should help in establishing a high standard in this field of work. 

W. O. K. 

Civilisation and Disease. By C. P. Donnison, M.D., M.R.C.P. [Pp. 
xvi 222.] (London : Bailli^ro, Tindall & Cox. 1937. 10s. 6d. net.) 

Study of disease in native socieiit^s is handicapped by the difficulties of 
obtaining adequate clinical data and consequent unreliability of statistical 
TCBults. In this book the author has limited the rango of his subject by 
selecting four diseases : high blood pressuro, dialx^tes melitus, Graves’ disease 
and peptic ulcer, in each of which certain factors appear to exert a causal 
influence of a psychogenic nature affecting tlio centres of the hypothalamus, 
and endocrine and autonomic nervous systems, also the nature of response 
to psychologic stimuli under civilised conditions. 

The task is further complicated by the determination of the level of 
civilisation or cultural development of the races studied. The guide to 
establishing a cultural level was the manner in which the rocse or tribe 
maintained a right relation with the powers of the universe, and whether 
they erected temples. As a result of this enquiry there emerged four levels 
—^Rationalistic, Deistic, Monistic and Zoistio. It was also necessary to 
decide which of the several schools of psychology was moat suitable to the 
study of psyohoneurosis. After doscribing the experiments of Pavlov dealing 
with conditioned rofiexos, the author gives a short clear account of the 
schools of Freud, McDougal, Jung, Adler and Sutter and considers that the 
individual psychology of Adler is most suitable. Adler’s conception of a 
neurosis is a defect in social environment resulting in an accentuation of 
the striving for superiority or “ will to power.” 

It is, of course, apparent tliat Dr. Donnison in this most interesting and 
thought-provoking b^k has set himself an almost impossible task, no less 
than the study of the psycho-somatic unity of the individual, and the psyoho- 
logioal aspects of the sooial development of the human race ; a study which 
to-day cl^ms increasing importance in medicine. This book is a valuable 
contribution towards the introduction of the subject. It is easy to read 
and free from ” the smoke screen of complex verbosity ” beliind which most 
modem psychologists conceal the insecurity of their conclusions. 


P. J. 
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The Structure and Composition ol Foods. Vol. Ill: Milk (includ¬ 
ing Human), Butter, Cheese, Ice Cream, Bggs, Meat, 
Meat Extracts, Gelatin, Animal Fats, Poultry, Fish, Shell¬ 
fish. By Andrkw L. Winton and Katk Barber Winton. 
[Pp. xxviii f 524, with 11 figures.) (New York: John Wiley & 
Sons, Inc. ; London : Chapman & Hall, LM., 1937. 40^?. net.) 

This is the third volume of an encyclopoodic work which will bo completed 
in four volumes. The two previous volumes dealt with cerwils, starch, oil 
seeds, nuts, oils, forage plants and vegetables, legumes, fruits, and the fourth 
will deal with sugar, syrup, tea, coffee, spices, extracts, et<;. 

Tht? book is invaluable, and almost iiidisf)ensable, to those inU^restod in 
food and nutritions, but like all such books it must bo used with circum* 
spection. After all, it is intendfxl for American readers mainly (and, of course, 
America is much more generally alive to the importance of dietetics than 
almost any other country) and therefore makes more use of American foods 
and American food tables than of those from other countries. Consequently 
the old Atwater and Bryant tables will not usually be found satisfactory 
for English focKls, particularly fish. Plimmor’s tables of English foods do 
not seem to have been consulted. It is also odd to find analyses of moat 
ash by Lawes and Gilbert and very little since except for the minor mineral 
constituents. The chapters on moat products (cured and smoked moat, 
cooked meat and canned meat) are disapjjointing and no analyses by McConoe 
and Shipp of cooked moats and fish ore included, although they appeared 
some years ago. 

On the other hand, the reader will find the chapters on milk and milk 
products and eggs of the utmost value, though we may be pardoned a smile at 
the statement “ Chesliire [chot^se] fios long been made in CTiester, England, 
from unskimmed cows’ milk.” It is easy to pick holes in an oncyolop«edio 
work and no one should bo <leterrod by the pinpricks of this review from 
consulting it. 

V. H. M. 


A Laboratory Handbook for Dietetics. By Mary Swartz Rose, 

Ph.D. Fourth edition. [Pp, xii 4- 322.] (New York and London ; 

Macmillan & Co., Ltd., 1937. 12a, Od, not.) 

Anyone who knows of Prof. Bose’s work in Teacher’s College, Columbia 
University, New York City, will know what to expect of this book. It 
has gone into a fourth edition, and because dietetics advances at an incredible 
rate, the book has had to be enlarged and modified. “ In the eight years 
sinoo the publication of the third cnlition there has been a steadily increasing 
appreciation of the mineral elements and vitamins as controlling factors in 
nutrition. ... In consequence the tables giving mineral elements and 
vitamins have not only been completely recalculated but almost doubled 
in size.” 

Anyone wlio has used the third edition will purchase the fourth edition. 
Those who have not yet made the books’ acquaintance should repair that 
defect in their education and work through the examples in Part II. Part I 
deals with Food Values and Food Requirements, to which the dietitian 
will bring his own prejudices for assay. Part III, much the largest part 
of the book, consist of tables of the most varied and valuable type. Apart 
from the strictly dietetic tables (usually in ready reckoner form) there are 
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tables of conversion from poimds into kilogrammes and vice versa, and inches 
to oentimetros and vice versa and so on. Tfio practising dietitian cannot 
get on without this book for there is nothing else to take its place, nor is it 
easy to imagine one that could be bettor. 

V. H. M. 

PHILOSOPHY 

Scientific Inference. By Harold Jkffrrys, M.A., D.Sc., F.R.S. 
Reissue with Addenda. [Pp. viii -f 272, with 12 figures,] (Cam¬ 
bridge : at the University Press, 1937. 10s. 6d. net.) 

A SECOND edition of this well-known book is to be welcomed, not only for 
the 25 pages of additional material (including an account of the author's 
recent work and the correction of errors in the original publication), but also 
for the implication that Jeffreys's contributions to the practice of scientific 
method are receiving the attention they dt^servo. There is everything to 
bi^ said for allowing absolute freedom to the minds of original geniuses, leaving 
their inspirations to bo justified and their inconsistcncit^s removed by the far 
larger bmid of exoct thinkers who should constitute the main body of men 
of science. It is for this latter group that Jeffreys's work is valuable. Ho 
not only urgi>s the importance of problems in the trc^atnumt of observations 
of which the majority of scientists are scarcely aware, but also provides a 
technique for their solution which merits general and careful consideration. 
Many points in his sysU^m are debatable, but its wide range of application, 
its internal colKjrenoe, and its success when applied to many of the most 
important problems in physical and general statistical science, give it, as he 
might say, high probability, both prior and posterior. 

The weakness of the scheme, however, seems to us to lie in the foimdation 
on which it rests, and it is not irrelevant to point this out because the author 
evidently intends his work, not mc^rtjly as a trustworthy tool, but as having 
general philosophical validity. The discussion originaU^ in the aoknowdedg- 
ment that “it is possible to learn from experience “ (such IcMiming, in fact, 
when properly conducted, constitutes “ scientific inference “), and since 
logic has failed to prove this, the fact itself is taken as a primitive postulate 
and its consequences are developed. Now this evidently calls for a clear 
statement of what is meant by “ learn,” and such a statement is not giv<m. 
The result is that wo arc in doubt from the beginning alx)ut what it is that 
the author is ultimately trying to do. Can we say, for instance, as someone 
has said of History, that we loam from experience tliat we can loam nothing 
from experience ? It is fairly evident that Jeffreys would accept neither 
moaning of “ learn ” implied here, but when wo ask what ho does mean, the 
nearest wo got to an answer is the statement on p. 264, near the end of the 
book, that the principle that we can learn from exporionoo is equivalent to 
the principle that the probability of the truth of a proposition, p, on data, 
-h is not always equal to the corresponding probability on data h (q 
here being provided by experience). This, of course (the method of calculat¬ 
ing probability having been comj>atibly deiinod), is truc% but what do wo 
learn from this about p ? It is agreed that the probability can never reach 
certainty, and that the acquirement of q may increase or lower the probability. 
In what sense, then, do we “ learn ” from exj>erienco, and why should the 
change of probability be called learning rather tlmn unlearning ? It is 
surprising that Jeffreys, having gone so far towards realising that science is 
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a process of dealing rationally with osperience which is to be justified, if at 
all, on grounds other than the attainment of certainty about a “ real world,** 
should yet insist so strongly on the importance of acknowledging the signi¬ 
ficance of such a world. Presumably even a baby learns to value its comforter 
for reasons other than the probability of its yielding inaccessible milk. 

The fact is that Jeffreys’s philosophy has intrinsically the strength of 
subjectivism, but is weakened by the vestigial “ rt^al world ” or “ true law ** 
or “ probability = 1 ** (the name depends on the particular application) 
which serves no purpose but that of inducing pathological conditions. Under 
less capable control, this defect would have had fatal consequences, and even 
Jeffreys’s vigilance is insufficient to keep it iimocuous. For instance, it 
prevents a satisfactory statement of the “ simplicity postulate ” (an assump¬ 
tion made in order to enable prior probabilities to be assessed), for the use 
(p. 176) of that }:> 08 tulate, backed by subsequent observation, to give almost 
complete verification to the proposition that the fundamental oqtaations 
of dynamics are independent of the velocity of the origin, would justify at 
least equal verification being granted to the proposition that there are no 
fundamental equations of dynamics. And again, the attempt to establish 
mechanics on a bcisis of mensuration fails because the Doppler effect reveals 
motion by a single instantaneous observation, independent of any process 
of measuring time or space intervals, so that motion must l>e more primitive 
than such intervals, in terms of which it is usually expressed. Another 
manifestation of the same fundamental weakness is the appearance of a 
detailed treatment of “ errors ** of observation in a scheme of thought which 
professedly tokos observations as primary data. It is much to be hoped 
that in the next edition this superstition of a metaphysical “ real world ** 
will be removed, so that the actual value of Jeffreys’s work may compel the 
recognition due to it. 

H. D. 


MISCELLANEOUS 

Mapungubwe : Ancient Bantu Civilization on the Limpopo. 

Reports on Excavations from Feb. 1933 to June 1936. Edited 
on behalf of the Arohtcologioal Committee of the University of Pre¬ 
toria by Leo Fouch^. [Pp. xiv + 183, with 4 coloured plates, 40 
black and white plates, 26 figures, 2 maps and 6 folding diagrams.] 
(Cambridge: at the University Press, 1937, 60s. net.) 

This magnificent book, illustrated with plans, lialf-tones and some oolotmxl 
plates, gives a very detailed account of excavations on a fiat-topped hill in 
the northern Transvaal where some troaimre hunters, confirming native 
legends, actually did find treasure—gold ornaments—which fortunately were 
reported to the University of Pretoria, The book is divided into the follow¬ 
ing parts. There is a general account of the actual excavations. l*lie 
pottery is considered in considerable detail and the whole field of Zimbabwe 
pottery is discussed. The beads and gold ornaments have the attention 
which such treasures deserve ; slag an<l vog( stable remains ore deworibed. 
The human remains are desorib€>d in detail, i.ogother with a special chapter 
on their dentition. At the end, the editor writes a short note on general 
conolusiems. It is obviously impossible to discuss so wide a field in detail. 
It may be stated that on the evidence, especially of pottery, the oonotusicm 
is reached that the period covered fisUs roughly between the beginning of the 
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sixteenth and the middle of the eighteenth centuries and is paralU)! to Zim¬ 
babwe. The people are considered to be a race of pastoralists and very 
special interest attaches to their bones. Owing to the nature of the climate, 
only the remains of eleven individuals and those in a fragmentary condition 
were available for examination. They are described in considerable detail. 
Dr. Galloway considers that they belong to a homogeneous people, with 
consistent racial features, and belonging to what he describes as the Bush- 
Boskop group. They are remarkable for the absence of Ne^gro features and 
are akin to the j>ost-Boskop inhabitants of the coastal oaves. Dr. Galloway 
supports his contention by a very detailed examination of all the skeletal 
features, point by point. Ho is fully aware of the danger of generalising on 
a few individuals and has accordingly mode up for the deficiencies of numbers 
by a very large number of observations on each skeleton. If his conclusions 
arc true they conflict, and there is, of courw^ no reason why they should 
not, with the cultural conclusions which posit a close connection with Zim¬ 
babwe, and the ethnologists are satisfied that the culture is duo to two distinct 
}>eoples living together, the one probably of Sotho stock and the other 
imdoubtedly of Shona stock. But Shona and Sotho are definitely Negro, 
in fact what is loosely called Bantu. Honct^ ^ Aristotle would say, an 
aporia. This the editor cheerfully faces in his conclusions and suggests the 
only way out is to carry on more work, solvatur cxcavando. In fact, the 
whole principle of the book, on which the editor must bo congratulated, is 
the way in which workers have been allowed to say exactly what conclusions 
the evidence in their own field leads them to. The editor at the end follows 
the rule of a goexi chairman and says a few words, drawing attention to the 
main points in the previous discussion, aiul is singularly solf-offocmig about 
his own work, which must have boon very considerablo. 

L. H. D. B. 

Animals for Show and Pleasure in Ancient Rome. By Geobqe 
Jknnison, M.A., F.Z.S. [Pp. xiv 4* 209, with 11 figures and 8 
plates.] (Manchester University Press, 1937, 12s. 6d. not.) 

Mb. Jeknison's heavily documenU^d work is a revelation of the extent to 
which animal-keeping fonned part of the culture of the ancient Romans and 
Egyptians. It is interesting to find that while qualitatively different, 
Roman zoos wore probably as largo or larger than their modem counterparts 
in Europe and America of to-day. 

Of course, the objects of these amazing collections were quite different. 
Often processions of animals, performing and otherwise, and arena shows, 
were staged for the purpose of raising the prestige of a rich ruler (like Pompey) 
or private citizen. Nearly every Roman leader of note seems, for instance, 
to have owned lions. So, to-day, does Mussolini. 

There can be no doubt that the demands made by Roman shows actually 
hod the effect of depleting animal life in Northern Africa. At the dedication 
of the Colosfieum by Titus in a.D. 80, 9000 animals were killed in a hundred 
days ; 5000 were exhibited in one day. The London Zoo has 1000 mammals. 

Prom the zoological point of view porhttps the most important part of 
this book is that devoted to the identifioation of the animals that wore 
introduced and kept in captivity in ancient Rome. In this respect much 
of value to the study of geographical distribution can bo learned. It would 
be# perhaps, a little pedantio to cavil at the use of archaic {Mustda for the 
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martenfl) and sometimes misspelt Litmean names (M* fovma for the Beech 
Marten, small letter for some generic names). One can suggest, too, that 
the Greek of Aristophanes may have referred to the Jackdaw and 

not to the Chough. But apart from those insignificant mistakes the book 
should receive a great welcome in the widest circles. 

James Fisher. 

Animals and Man : Studies in Comparative Psychology, By 

David Katz. [Pp. xii -f 263, with 37 figures.] (London, New 

York, Toronto : Longmans, Green & Co., 1937. I2s. 6d. net.) 

Db. Katz, who spent some years in this country, and is now Professor of 
Psychology and Education in the High School of Stockhohn, is a distinguished 
psychologist well known for liis work on colour perception and the psycho¬ 
logy of needs. Wlien professor at Rostock, ho carried out with his pupils 
some highly inttiresting work on animal psychology, giving special attention 
to dogs and fowls. The pn^sont book is to some extent written roimd these 
special researches, but it does at the same time cover a wide field. Beginning 
with a discussion of the so-called thinking hortww and the important lessons 
to be learned from the critical study of those coses, he considers next the 
relation of animal psychology to the other sciences and the difficult problem 
of method. There follows a study of animal perception and of orientation 
in space. The next section, on “ Needs, Drives, Instincts,’* is of particular 
interest and value, as one might expect. A discussion of the social psycho¬ 
logy of animals and the psychological comparison of animals and man complete 
the book. It is writt^m rather definitely from the point of view of the pro¬ 
fessional psychologist and deals mainly with vertebrates ; not much attention 
is paid to the ecological bcickground of behaviour. But the author does 
score a point against the purely biological point of view by demonstrating 
that in some cases sensory acuity appears to be far greater than biological 
requirements would demand. 

Tlie book is a very useful one and deserves to be widely read, especially 
by zoologists, who will find many valuable observations on animal behaviour 
of which they are probably unaware. It can bo read also with profit by the 
wide public which is interested in animals from a professional or an amateur 
point of view. It can be specially recommended to those who are interested 
in dogs, and the poultry keejper will find in it points of practical interest. 
As a general introduction to the study of animal behaviour it has many 
merits ; it is very much up to date, and the references to recent literature 
are full and detailed. E g Russell. 

Science and Music. By Htn James Jeans, M.A., D.8o., Sc.D., LL.D., 
F.R.S. [Pp. xii f 268 with 10 plates and 64 figures.] (Cambridge : 
at the University Press, 1937. 8s. 0d. not.) 

By his xK)pular exposition of “ time, space and the mysterious universe 
around us,** Sir James Jeans has turned many of us into ardent gazers at the 
“ stars in their courses.** “ Ruining along the illimitable inane ** in these 
celestial excursions has doubtless made him especially sensitive to the music 
of the spheres, for now he directs our attention to “ Music and Science,'* 
wherein his brilliant powers of description and exposition are wedded once 
again to his unrivall^ felicity of metaphor and illustration. 

With characteristic modesty he protests that a considerable fraction 
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of my book is aimply Helmholtz modomised and rewritten in simple lan¬ 
guage ” ; 80 might Fitzgerald have deprecated his tranHlaliou of Omar 
Khayyam. 

The advent of broadcasting has at one and the same time simplified and 
complicated the task of writing on the topic of Science and Music. For 
though we are so familiar with wave-lengths, tuniiig-iri, carrier-wavf^ and the 
like, yet our auditory experiences arc now so commonly more extensive, ranging 
as they do from the sounds of balalaika and bombardon to the cembalo and 
mighty Compton cinema organ—not to mention th(' incidental music of 
tyjif^writt.'rs, motor-cycles and pneumatic drills. Yet all such noises, sounds 
and combinations of sounds form Sir James’s thenne, which lie elaborates 
with unqualified stjccess. From a study of tuning-forks he d evelops the idea 
of a pure b)ne, resonance, fre^juoncy and boats. Particularly ingenious is 
his ruse of discussing the familiar recording barograpli as an examjde of a 
time-<lis)^Uiooment graph, from which by easy stages w<^ the graj)hical 

reprtwml ation of simple harmonic motions. The compounding and analysis 
of complex harmonic motions follows, and the subject of timhrt; is a logical 
stxpiel. Passing from pure toia^s to the study of vibrating strings we learn 
what causes th(‘ soul of the cat to protest when the tyro vi(3liiiist i-i at practice : 
the role of the formant and Die X-ray examination of the structure of old 
violins ar(‘ also treated. From a chaj>ter on vibrat ing columns of air wo pass 
on to th(‘ orchestnil waiul-instniments and the organ. Harmony ami discord, 
scales, equal temf>erame.nt and the music of tlie future all rocoiv<* their due 
share of atUadion and tht^ (aid of the book deals with the j^sychological side 
of hetiring. This phase is particularly well tri^ated for a hook of t his size, 
and many will welcome, the discussion of loudness, the thnvsliold of pain, and 
difference an<l summation tones. 

When, 08 in this v^oliime, there is so much to jiraise it seems mikind to 
point out omissioiiH. Sir Jam(^ has so charmingly di^seribed the courtship 
of grasshoppers by telephone and the secret of Die policeman’s wliistle ; is it 
fair to question his explanation of why I sing in my bath and to de]3loro the 
absence of any reference to the ubi<iuitou8 wa-wa mute ? Irvino. 

Motion 8ind Time Study. By Ralph M. Bakkics, M.E., Ph.D. [Pp, 

X “h 286, with 123 figures.] (New York : Jolm Wiley <fc 8ons, Inc. ; 

London : Chapman <& Hall, Ltd., 1937, 18/?. 6(/. net.) 

For centuries the problem of human rnovement/s has proved provocative, 
although the tendency has boon to treat it os a philosophic challenge. Some 
scientists, however, realised that inovemonts could be measured, and that 
the result of that moosun^ment would yield valuable results. So from 
Galileo to BoroUi, and on to Coulomb, sporadic efforts wore made to under¬ 
stand and measure simple and complex movements. 

The practical aspect of movement moasuremont came from America 
towanls the end of the nineteenth century, and wliat is now known as Time 
and Motion Study is almost entirely due to the work of two American 
engineers, Taylor and Gilbroth, who were concemed about the waste of 
human effort due to ignorance of the scientific principles of skilled movements. 

Rule-of-thumb methods must be reploo^ by a aoiontifio study of a 
man^B work in all aspects, and one part of this study involves knowing, 
(a) what are the constituent elements of a movement or series of movements, 
and (6) how long it takes to perform each part. The result of such a study 
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leads to the elimination of unneco8Barj% wasteful or fatiguing movements. 
Tlia large-scale developments of many industrial operations during the 
present century has necessitated a study of the most economical ways of 
doing a particular job witli the object of fixing a wages’ scale. 

Prof. Rnlj)h Bames in his book giv'os a comprehensiv'e account of the 
nineteenth-ct'ntury pionfH^rs and the later dcn'c^lopments. He presents a 
clear and interesting account of the efforts of 'I’nylor and Oilbreth and then 
applies time and motion study to various engineering oj)erations, e.g. gear 
hobbing and soldering cans. He supplies careful details for making stop¬ 
watch studies as well as for microinotion work, and shows what use can be 
made of bucIi studies in regard to the human being, to the design of tools 
and ecpiipment and to wage incentives. 

Although his illustrations are from ongiiK‘ering, tlie general principles 
oro so clearlj* expressed that the applicatioti can easily be made to other kinds 
of skilled work. He also avoids tiie <'rror of believing that output is affected 
only by faulty or inadequate methods adopted by the worker. 

A series of ]:)robletii8 and an adequate bibliography complete what will 
prove to be an extremely v^aluablo addition to this braiurh of study. 

M. S. 


Psychology Down the Ages. Vols. I and JI. By C. Spearman, 
Pli.D., Jfon. LL.D., F.R.S. fVol. I : ])p. xii -f 464, with 27 figures 
and tables ; Vol. II : pp. viii 4- 365, with 26 figures and tables.] 
(London : Macmillan Co., Ltd., 1937. 30^. net.) 

As the author states in his Prologue this is a history of psychology of a 
peculiar kind. IIow p(‘culiar it is may perhaps b(^ gathered from the fact 
that while Thornfis A(|uinas is (pjoted or referred to 26 tinjes and Hamilton 
24 times, Stout is referred to 9 times, Ward 8 times, and Lloyd Morgan once. 
One (iciinot lielp rc'gardiiig it fis a history of Spearman’s own develoi^vneut 
of psychology, ratla’r than of th(^ wuenc^^ in general. From beginning to 
end tlie impn‘ssion is given that there is only on(‘ useful lino of approach to 
psychological jjroblems, and only one true point of vi('w. 

Tlie book is dix idt^d into five parts, entitled resiK'Ctivcly : “ What Psycho- 
logy is About,” ” What the Psycho can Do,” ” How the Psycho is Consti¬ 
tuted,” ” What Follows What,” and ” What Coes with What.” These 
parts do not rejirest^nt any U^mporal or developmental contitiuity or sequence, 
nor is such sequence shown in any one part, except in the most general way. 
It is only when Cliapter XL is roachod—” The Discovery of ‘ G ’ ”—that 
any meaning at all can 1«^ rea<i into the sequence, and then it- is at once 
seen to reprc^sc^nt the devedopmont of the author’s own psychological views. 

A critical estimate of the work as a whole is not possible witliout going 
into gi’f^atcr detail than the present notice pcmiitH. At the same time it 
does seem necessary to call attention to one or two points. The practice of 
quoting short passages—Bometimes single sentences—out of their context, 
to which tht? author is v<*ry jirone, can hardly fail to be misleading, and 
when such (juotations occur, as they ofton do, without any sort of temporal, 
or even logical, order, the effect is by no means happy. Here and there, too, 
Spearman discusses with a superficial flippancy views which ho does not 
wish to understand. For example, on p. 398 of Volume I he quotes Ward 
with regard to th<^ ” Me known ” and the ” / knowing,” and goes on : ** But 
what can he really m<‘an by thus setting up the ‘ ME * against the * I * ? 
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The«o two seem to differ solely in ro»|)oct of grammatical case. Every 
schoolboy can run through ‘ I, mo, of mo, to mo, by me.’ All refer to precisely 
the same thing/' I^fintly the chapter heading The Confusion tliat is Gestalt 
Psychology ” is very unfortunate, and the criticism the chapter contains 
not very fair. 

Though the book is not one which the toa^dior of iwychology would advise 
the interested layman to rtad in ord(‘r to gain some knowledge of modem 
psyolu>k)gy, nor is it oiu^ which lie would care to prescribe to his students 
as a text-book in the history of psychology, there are chapters which are 
distinctly valuable from th<? point of view of the advanet'il student, and the 
true setting of th(s views of the “ London School ” is, as on<) would expect, 
very clearly brought out. Moreover, the hook is an admirably written, 
scholarly jirodueticm. The author's knowletigo of the j)hiloso[)hical and 
psychological literature of all puiods is (uicycloptedic, and his criticism 
is at tiroes viay acut-<‘, liuw’ever prejudic(‘<l it may ht;. Tht^ st^cond volume 
in particular has the fuiihcr merit of presenting the laUnst and most matime 
vie‘WH of tlu* l(‘ad(T of an imirortant British school of psychology in the field 


he has made his own. 


James Dbever. 


An Introduction to the Theory of Statistics. By O. Udny Yui^, 
C'.B.R., M.A,, F.R.8 ,, and M. G. Kendaix, M.A. Eleventh edition. 

I Pp. xiv f 570, with 55 figures and 4 folding plates.) (London: 
Charles (iriffin Si Co., Ltd., 1937. 21#. net.) 

Since the publication in 1910 of the first edition, Mr. Yule’s book has stood 
out as jxu'haps tlie nrost compix'hensive and reatlily infidligible ekmamtary 
t€»xt'book in tla* English language on the mathematical theory of statistics, 
BoscmI in the first instance cm a series of kx'tunts given in the years 1902-9, 
it was CHsentially tlu^ work of a tc'achor who had learnt from ciX]ierience how 
to present his subjc^ct clearly to his audicaice. But, wliile inucli of tlie original 
exposition rleult with certain fundanumtal ideas and methods which no 
development of theor^^ ceruld modify, recent e(iitions had suffered increasingly 
from the fact that the author felt imaVjle to givt* more tlian a few bri<T refer¬ 
ences to the advances in nu;tliod dcvxdoped during th(' bust dozen years. It 
is therefore a matter for very general congratulation that Mr. Yulo has been 
able to find in Mr. M. G. Kendall on enthusiast ic younger collaborator who 
has set about the task of weakling the new on to the old. 

This task is not an easy one. Unless the book wen^ to be cotnpletely 
rewritten on a fresh basis, wliich many who have k^arn^d to know it would 
regret, its genertil plan was aln^vdy fixed, a plan which loft the theory of 
samjiling and therefore the introduction of the tlieory of j^robability until 
two-thirds of the way through the volume. It is to this final third that Mr. 
Kendall has midetl his main contribution, commencing with an excellent 
opening cha[)ter on “ Pn^liminary Notions on Sampling,” and extending with 
fuller illustration what Mr. Yulo bad previously written on largo sample 
tlw'ory. 

While there is an csewmtial continuity between the work of Karl Pearson 
and Udny Ynlo on the one hand and R, A. Fisher on the other, it is inexut- 
ably difiicult to bring this out in a book whose plan has Ix^on to deal first 
with descriptive methods and only afterwards to introduce the problems of 
sampling, Mr, Kendall’s final chapter on ” The Sampling of Variables— 
Small Samples ” is therefore perhaps liia least-satisfying contribution, though 
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it admittedly aims only at giving a brief survey of a rapidly extending field. 
To deal convincingly with tins branch of the subject needs perliaps more 
first-hand experience of wrestling with the application of the methods of 
analysis of variance than Mr. Kendall has yet found time for in a busy life. 

Nevertheless, a description of most of the simpler methods of this analysis 
is given ; there is an admirable list of references for reading, and finally 
there are included for the first time tables and charts giving the usual per¬ 
centage significance levels of x^f f 2 . 

The book maintains its tradition of breadth of view ; the authors have 
taken from many schools the methods which they believe to be of value. 
Tliey have reproduced from scientific memoirs, often not easy of access to 
the average student, statistical results of many years^ standing, which are 
generally omitted in most text-books. Such results, often of groat practical 
service, are in danger of being missed altogether by a younger generation of 
statisticians who are led to believe that wliat was written before 1918 is 
out-of-date. The now sections are again admirably illustrated with a 
variety of carefully chosen examjiles. 

It is, of course, a well-recognised fact that scorooly any two teachers of 
mathematical statistics approach their subject in the same way ; few perhaps 
would follow the exact order of development given by these authors. But 
a teacher of the elements of statistical theory should have no difficulty in 
picking out from this book chapters which will help greatly in the develop¬ 
ment of the subject on his own lines. The present reviewer, for example, 
would probably advise a student to omit at first reading the five chapters 
on the theory of Attributes, tliat is to say to follow the Introductory chapter 
by Cliaptcrs VI-XII; after this it might be well to take the four chapters 
XVIII-XXI on samxjling. The final new chapto on Interpolation and 
Graduati<m written by Mr. Yule himself should be read too at an early stage. 
If such a reading does not provide the student with information as to how 
best to plan and interpret small-scale experiments, it should give sometKmg 
which is invaluable as a preliminary to further study—a sound knowledge of 
fundamentals based on clearly illustrated reasoning. 

E. S. P. 

life as a Whole. By J. W. Bjcws, M.A., D.Sc. [Pp. x -f 347.] (liOn- 
don, Now York, Toronto ; Longmans, Green & Co,, 1937. 15s, net.) 

Afteb reading the eulogy on the dust-cover by General Smuts and seeing 
from the title-page that the author is Principal of Natal University CoUcige, 
it is with much regret we are compelled to express our disappointment with 
this book. The author’s preface and introduction prepared us to expect a 
new approftoh to the story of man’s life as a whole, some really soienttflo 
study of the nature of “ Holism ” and its relatiofi to environment or human 
ecology. After toiling through several hundreds of pages it would seem 
that Prof. Bews has no serious interest in Holism,” has no new aspect to 
explore, and is content to serve up an elementary-school version of the oflen^ 
told history of human progress—evolution without Darwin—of no sciantlfiO 
value, expressed with frequent repetitions and infiated with catalogues which 
must do duty for reasoned explanatioz^. Generally the book is conspicuous 
by the absence of continuity in narration or any connected whole. Such # 
book as this supplies no n^. There are many others which express tha 
same story with fewer digressions. p j 
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Tk4» World and Man as 8oianca Seaa Them. Edited by Fobsst 
Ray Moulton, A.B., Ph. 0., Sc.D. [Pp. xx -f 533, with 178 figures.] 
(U.S.A.: University of Chicago Press ; Great Britain and Ireland ; 
Cambridge University Press, 1937. 13^. 6d, net.) 

This book is dtwcribed as the “ ideal one volume text for an introductory 
general science course.** These introductory notes, many of which make 
most interesting reading, have been compiled by members of the University 
of Cliicago and are edited by Mr. Moulton, the Secretary of the American 
Association for Advancement of Science. The sections are as uneven in 
stylo OH they are in value of content, and will appeal to students in direct 
ratio to the previous individual acquaintance with the particular subject. 
The book cannot be read os a text-book, but rather as a reference 
encycloptedia. 

The notion to make a continuous story of science as applied to human 
life is praiseworthy, though of doubtful use. It is a long journey from 
galaxies to isotojH'S. The el<3ctricity section is rather elementary than 
introductory ; the biological chapters arc overcrowded. 

P. J. 

The Subject Index to Periodicals, 1937. [Pp. xxix -f 584 columns.] 
(London: The Librarj” Association, 1938. £3 10«. net.) 

The increasing extent to which those n^sponsible for the administration of 
the great libraries in this country, os olm'whero, atU^rnpt to h(4p all engaged 
in scientific and scholarly work is illustraUKl by the constant expansion of the 
loons of books and journals made from one library to anoilier and by the 
xt*duction of the formalities which were once insisU^d upon b<‘fore a stranger 
was admitt<xi to the reading-rooms. The Library Association is thus well 
in stop with the times in providing in the preliminary pages of its new annual 
vohime of the Subje^^t Index to Peruxliad^ a full “ Location List ** showing 
in what libraries each of the journals indexed may be found. Notes, printed 
with suitable prominence, call attention to the right procedure in connection 
with applications for the loan of any [wiodioal as well as to the justifiable 
assumption that all those publishcxl in the British Isles may be fomid in the 
six copyright libraries. The list itself includes public libraries, large and 
small, University and College libraries, the libraries of Goveniniont Depart- 
inents and Institutions, and those of certain learned societies. Its value is 
so obvious that it may legitimately bo hoped that every possible effort 
will bo made to ensure its strict accuracy by correcting next year the occa* 
sional errors and omissions that may bo noticed in the present issue. 

In other respects the now volume of the Subject Index to Periodicdla 
maintains the high standard which all who have used it in the past have 
been led to expect. It continues to supplement in most useful fashion the 
more specialist biblbgraphies issued in many fields of knowledge. Indeed^ 
it is well known that not the least of its merits is its deliberate exclusion of 
tlie material already provided elsewhere for the specialist in science and 
technology. 


J. W. 
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SOME BIOLOGICAL ASPECTS OF THE 
STORAGE OF FRUIT 

Bv V. H. BLACKMAN, So.D., F.H.S. 

Tub methods of canning and of refrigeration have brought about 
a great extension of the time during which food can be kept in 
good condition. Food supplies are in this way rendered available in 
countries far distant from the place of origin of the plant or animal 
product. Previous to the development of these processes the only 
methods available were the crude processes of salting and drying ; 
and our ancestors were largely dependent in winter upon salted 
and dried meat, eked out with such fresh supplies as the fishponds 
and dovecotes provided. How poorly even noble families fared in 
winter is seen in the quotation from the Northumberland Household 
Hook to which Sir William Hardy drew attention some years ago : 

BraikCMt for the Kuroey for my Lady Margaret and Maister Ingeram 
Percy. Item a Manohet a Quarte of Bore a Dys^ of Butter a Peoe of Salt* 
fisoli a Dysoh of Sprottes or iij White Herryng. Breakfast for my I^adis 
Oentylhroroen. Item a Loof of Brede a Fottell of Bere a Peoe of Saltfisoh 
or iij White Henryng. 

Even the sprats and herrings would be salt, and fresh plant pro* 
ducts were poovly available in winter until the development of 
winter v^jetaUee by Bakewdl in the eij^teenth century. 

The {nooeeses of conning and refrigeratfon are of course very 
different. In canning and bottling heat is used to destroy the 
micro-organisms which ere xesponrible for the deterioration and 
decay of the material, the access of frodbt Uving ones being prevented 
by sealing the hot and now dead matmial in metal or glass oon- 
tainetB. The iHrooess of refrigeration is entirely distinct, for it 
depends on the opposite pcooess of exposure to a low temperature 
^ch, though not deetrogdng, msrkecfiy dows down the ao(^ of 
the mkso*orgsitdime of d^y> This, however, is not sll the diffsr* 
enoe. While cauiMd material is desd, and the ohemiosl ptooessed 
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which would otherwise continue in it are completely or all but 
completely stayed, the refrigerated material is frequently living, 
as in the case of fruit, and is thus the seat of more or less active 
physical and chemical changes. Care must of course be taken to 
avoid so low a temperature that death ensues. For with death 
the catalysts (enzymes) are released from the “ restraint ” that 
directs them along highly specialised paths of co-ordinated activity, 
though of the nature of this restraint we are profoundly ignorant. 
The catalysts when no longer restrained produce in the dead material 
post-mortem chemical changes which n&arkedly affect its consistence, 
its flavour and its resistance to the attack of micro-organisms. 

The discovery of the process of canning markedly antedates 
the use of refrigeration. The stimulus to the discovery came from 
Napoleon who, no doubt for military reasons, offered in 1796 
through the French Government a prize to anyone discovering a 
new method of preserving food. The prize, as is well known, was 
won by Nicholas Appert, who developed a method of sealing food 
in glass containers; though an Englishman, Durand, seems to have 
been responsible for replacing with tin plate the glass of the 
container. 

Canned food though of high nutritive value is necessarily, frrom 
its heat preparation, in a condition markedly different from that 
of the frresh state. The aim of refiigeration of fhiit and meat, on 
the other hand, is to achieve the quality of freahnese, i.e. to deliver 
food products to the consumer in the condition in which normally 
it has the maximum gastronomic attractiveness and also tiie maxi¬ 
mum of certain food values. The freshness of edible plant products 
is usually very transient since they are living and therefore in a 
state of constant change, either moving upward to matiuity or 
progressing slowly to old age. 

Hie edible fruits with which man concerns himself are generally 
those with a succulent tissue, the “flesh,” in which the seeds are 
either enclosed {e.g. the apple) or supported (e.g. the strawberry). 
A fruit thus has no “ future ” and undergoes no further develop¬ 
ment ; its only biological advantage to the plant which bore it is 
as a distributor of the seeds. The mature fruit if not eaten frUls 
more or less rapidly into a state of decay; it is thus a aeneeeent 
organ. The object of storage is to slow down the rate of the 
biological processes responsible for decay. The processes to be 
retarded axe frequently those which lead up to maturity as well 
as those which follow it, for the fruit is frequently pk&ed end 
stored in an unripe condition. The result of such retardatikm Is 
that the changes normally occurring in a sins^ day axe isfiiead 



THU 8T0IU.0B OF FBinr 


419 


ovm a week or weeks, so that if the material has to he carried 
to a distant centre the effect is tibe same as if the period of transport 
had been similarly reduced. 

Relation ot Fittrrr to Its Envieonmbnt 

Any modification of natural conditions which is directed to slow 
down the various processes in the fruit must be related to the living 
nature of the material. The fruit like all active living things is 
in constant interaction with its environment. There are five main 
interactions. The &uit (1) gives off water vapour from its surface, 
(2) absorbs oxygen, (3) gives off carbon dioxide, (4) emits heat, 
and (5), a discovery of more recent years, gives out small quantities 
of volatile products which may be of great physiological import¬ 
ance. In a store, accordingly, there tends to be an accumulation 
of water vapour, of carbon dioxide and of volatile products, and 
in addition a depletion of oxygen. The absorption of oxygen and 
the excretion of carbon dioxide are part of the phenomenon of 
respiration, which is characteristic of all active living organisms, 
though in some few oases we find carbon dioxide production without 
the concomitant absorption of oxygen. 

Respiration .—^The process of respiration has been found to be 
a measure of the “ vital " activity of the organism ; as respiration 
is slowed or quickened so are the general chemical processes (».e. 
the metabolism) of the plant. The production of cwbon dioxide 
in respiration can thus be used as a measure of biological activity, 
and a retardation of respiration indicates a delay in the occurrence 
of senescent conditions. Furthermore the level of the respiration 
rate often gives an indication of the stage of maturity of the fruit, 
certain stages of ripeness being associated with certain respiratory 
levels. It is thus not surprising that the process of respiration 
has been intensively studied. In addition, as will be seen, the 
process of respiration has itself been turned to account in fruit 
storage, the ^products of the process being employed to retard the 
proeess. 

The Eeeeot of Low TBBCPBBATtrES on Respibation and on 

Stobaqb 

It has been known for a long time that the rate of varioos 
physiological prooeeses in the i^ant (such as respiration and assimi¬ 
lation) i^ow a telationsh4> to tempwature somewhat similar to that 
exhibited by chemical reactions, many of which exhibit a marked 
temperature coefficient.” The simUarity of the relationship is 
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only approximate, since the processes in the living organism oro 
not dependent on single chemical reactions but on many related 
reactions, the rates of which are dependent not only on temperature 
but on the concentration of the reacting substances, and also, in 
all probability, on the condition of special surfaces in the living 
cell. We do, however, find that, within a comparatively small 
range of temperature, the rate of respiration is about doubled or 
trebled for a rise of 10° C., or, in other words, the temperature 
coefficient (Qio) is 2-3. The respiration and general metabolism 
of the apple have been most exhaustively studied by Kidd and 
West over a period of many years at the Low Temperature Research 
Station, Cambridge, and it has been demonstrated that there is a 
marked similarity between the effect of temperature on the rate 
of respiration and on the “ storage life ” of apples. Some of their 
data are quoted below for the variety of apple Bramley’s Seedling, 
the rate of respiration being expressed in cubic centimetres of 
carbon dioxide per 10 kg. per hr. 


Temperature C.) . 

~ 1 

■f 1 

3 

5 

10 

15 

22'5 

Hespiration Rato 

14-5 

1»-G 

22-5 

29-8 

j 

470 

64-9 

115*2 


It can be seen that the curve is roughly a logarithmic one, the rate 
a little more than doubling for each rise of 10°. The data, indeed, 
fit fairly closely the equation 

log respiratory rate — 1-249 + 0-0376(9, 

where 0 is the temperature. Calculating from this the value of 
Qi„ the temperature coefficient, is found to be 2-37. 

When apples are stored at different temperatures we find that 
the time they continue in a satisfactory condition, that is their 
“ storage life,” increases as the temperature falls if there ore no 
injurious effects of temperature. Sooner or later, however, the 
fruit is attacked by fungi, and as the individual apples show great 
variability in this respect it is necessary to take some arbitraiy 
level of wastage as the limit of the storage life of the populaUon. 
Commercially this is taken as the time of storage when there is 
a wastage of 10 per cent.; the “ mean ” storage life would be at 
a level of 60 per cent, wastage. The data given below show for 
different temperatures the storage life at the 10 per cent, and the 
60 per cent. level for four different varieties of apple. 
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Lane’s Prince Albert . ; 

! 60% 

ft 

169 

198 

197 

184 

147 

108 

60 


10% 

ft 

99 

130 

115 

113 

95 

1 

53 

28 


At the lower temperatures the results are complicated by a 
direct, injurious effect of temperature known as “ low-temperature 
breakdown ’’ and the storage life is usually less than at slightly 
higher temperatures. If, however, the mean life (50 per cent, loss) 
at 18^ C. is compared with that at 3^ or 5°C. the period of 6-8 
weeks at the higher is lengthened to 5-8 months at the lower 
temperature. These data show also a logaiithmie relation and can 
be treated in the same way as the respiration data and an appro¬ 
priate equation fitted. For the variety Allington Pippin and the 
temperatures 3^-18° C. the following equation is found :— 

log 1 = - 2-56 + 0 0510 0, 
t 

where (is the time in days and 0 is the temperature. From this 
the temperature coefficients for the rate of deterioration can be 
calculated, Q,. for Allington Pippin being 3-27, Cox’s Orange 
Pippin 2'88, Blenheim Orange 2*45, and Lane’s Prince Albert 2*32. 
It is to be noted that these coefficients are of the same order as 
that for the relation between temperature and respiration rate 
where Qi. was found to be 2*37. The reason for the marked 
difference in the “ life ’’ of the different varieties is still obscure. 

Phaaea of Seapiratim .—Fruits naturally pass through various 
stages during their development and later life. We can ffistinguish 
the three main phases indicated below: 

rBASB or OBOWTH —*■ TBAMSmON PHASE —► lUIASB OF SBNE80EK0B 

In the phase of growth the fruit is still attached to the tree and 
is supplied with water, salts and nutritive organic substances. 
There is increase in size due in part to cell division and in part 
to increase in size of pre-existing cells, and in the apple the concen¬ 
tration of starch, cane sugar and reducing sugar increases. In the 
final phase the fruit is an independent structure and the consump- 
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tion of stored substances such as malic acid and carbohydrates 
indicates that it is on the downgrade towards death; this is the 
senescent stage. Between these two we have the transitional stage. 

The rates of respiration in the fruit which has been most closely 
studied, the apple, show very interesting and remarkable pheno¬ 
mena. As the fruit increases in size on the tree the rate of respira¬ 
tory activity—as measured by carbon dioxide production per unit 
of fresh weight —^falls rapidly at first and then more slowly, and 
during the last stage of growth is falling very slowly indeed. Sooner 
or later after gathering, and at a time dependent upon the maturity 
of the fruit when gathered and upon the external conditions, the 
rate of respiration begins to increase, rises rapidly or slowly to a 
maximum, and then falls as the fruit progresses towards death. 
This striking rise in respiration which appears sooner or later in 
all apples and is due to internal causes, marks the beginning of 
the senescent phase and is known as the climacteric. We can thus 
distinguish three stages in the respiratory life of the apple which 
are shown diagrammatically below: 


FRE-CLIMACTKEIO. 

CEIMACTKRIC. 

POST-CLIMACTERIC. 

Respiration rate falling 

Respiration begins to rise 

Respiration rises to a maxi¬ 
mum and falls again 


By the time the rise in the respiration rate, which begins at the 
climacteric, has reached its maximum in the post-elimaoterio stage 
the level is 50 per cent, to 160 per cent, above the pre-olimaoteric 
level immediately preceding the climacteric. The climaoterio rise 
in apples represents a remarkable outburst of metabolic activity. 
Some change must occur in the living cells at this stage but its 
nature is still obscure. We do know, however, that this climacteric 
rise is associated with additional output of volatile products from 
the fruit. 

In relation to low-temperature storage it is important to note 
that the time of appearance of the climacteric rise is mainly deter¬ 
mined by the age of the fruit, being little affected by temperature 
reduction. On the other hand a low temperature markedly flattens 
out the rising respiration curve in the post-climacterio phase, and 
so greatly d^ys the development of the maximum respiration rate. 
It is during the post-climacteric phase that full ripeness of the 
fruit develops, so that with the delay in the development of the 
respiratory maximum there is associated the prolongation of storage 
life already described as the result of lower temperature. 
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Thb Action of ETHYiiHNB 

The importance of ethylene in the ripening of finiits was first 
realised a little under thirty years ago and its discovery is one 
of the most interesting chapters in biology. It begins with the 
attempts to colour their fruit by the lemon growers of California. 
This lemon is picked when it reaches a certain size and there is 
always a certain proportion of green fruit. The growers, therefore, 
attempted to expedite yellowing by placing the fruit in chambers 
or tents heated artificially; in these the proper colour was attained 
in 1 or 2 weeks. It was naturally assumed that the result achieved 
was due to the warm, moist condition of the chambers, but there 
was the curious fact that the success seemed to depend on the 
method of heating. In 1912 it was demonstrated that the important 
factor was not the heat developed but the products of combustion. 
In fact the effect could be achieved without the use of heat by 
passing the stove gases over the lemons, and the exhaust gases 
of a motor-car were found to have a similar effect. It was obvious 
that there was some common substance or substances in these 
combustion gases which had a remarkable physiological action. 
In attempting its discovery the yellowing of lemons was used as 
the biological test of its occurrence, the gases being passed through 
various solutions and then over the fruit. Sulphuric acid, sodium 
hydroxide, potassium permanganate and silver nitrate failed to 
hold back the active principle, but on the other hand bubbling 
through bromine water deprived the gases of their specific power 
of coloration. This suggested the presence of some unsaturated 
volatile hydrocarbon and it was found that minute amounts of 
ethylene would produce all the effects. A concentration of 1 in 
200,000 would colour lemons in 6-8 days, with 1 in 2 x 10* it 
took 6-10 days and with 6 in 10’ it required 14 days. It was 
also observed that ethylene increased the rate of respiration 150 
to 260 per cent., the significance of which in relation to the climac¬ 
teric rise of apples was not then realised. Since the discovery of 
the potency of almost incredibly small quantities of ethylene the sub¬ 
stance has been widely used commercially for treating horticultural 
produce. The compressed gas can be slowly released from cylinders 
in railway trucks and so mature the product during transport. 

Recently another chapter has been added to the story of ethylene 
which seems to show that after all man has been merely taking a 
leaf from nature’s book when using the gas for speeding the process 
of ripening of fruit. The discovery, as so often happens, was due 
to a chance observation. In 1932 Elmer in America reported that 
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some apples which had been accidentally included in a potato 
clamp inhibited the sprouting of the tutors or caused them to 
sprout abnormally. This clearly indicated that the apples gave 
oflF some volatile substance, some emanation, which acted on the 
potatoes. These results were confirmed and remarkably extended 
in the same year by workers at the Low Temperature Research 
Station, Cambridge (Report of the Food Investigation Board, 1932). 
The work of Elmer was confirmed by Huelin and it was shown that 
the same result could be obtained by exposure to air containing 
1 part in 100,000 of ethylene as the results given below indicate. 


Action of Ethvlene on Potatoes after 4 Weeks 


Coneontratlon. 

Max. IvenRth of SfmnitH 
(cm.). 

Wt. of Sprouts 
(12 TulH’rH), 

Control 

3 0 

7-5 

0-001 

1-7 

4 6 

0-01 

1 

0-8 1 

M 


An important step forward was also made by Smith and Gane, 
who showed that if a ripe apple was enclosed in a vessel with 
germinating peas, or if the air which had passed over ripe apples 
was led over such peas, there was a remarkable effect. Either 
germination was almost entirely inhibited or the shoots grew 
abnormally, becoming “ short, stumpy and swollen.’^ A valuable 
biological indicator for the presence of the emanation was thus 
available, and using this pea test ’’ the effect of various solutions 
could to tested. Solutions such as those of caustic soda, potassium 
permanganate, silver nitrate, olive oil, etc., did not stop the effect, 
but bromine water, ozone, and combustion over copper oxide 
removed the active constituent; results which are consistent with 
ethylene as the responsible agent. At the same time Kidd and 
West, by the use of the pea test, made the important discoveries 
(1) that the production, or at least the main production, of the 
exhalation from the apple coincides with the rise in respiration at 
the climacteric, (2) apple vapour passed over other fruit in the 
pre-climacteric stage quickly induces the climacteric rise. The 
surprising fact is thus revealed that in a population of stored apples 
there is some sort of socialinteraction, those that ripen first influence 
their fellows by their exhalation and bring them rapidly to mahmtff. 
Accordingly, we find that apples stored together all ripen at the 
same time, while with the same fruit isolated as individuals the 
appearance of the climacteric is spread over a considerable time. 
The difference between bulk ” storage and separate storage is 
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well seen in the data below» which give the number of days after 
storage at which the maximum of the climacteric respiratory rise 
was achieved in the case of 30 apples all stored togetheri and for 
the same number of apples stored in fifteen separate pairs; all 
at 12^ C. 


Time to Climacteric Maximum. 

Bulk gtorage.. . 23 dayg 

Storage in pairs . . . . . . . . 33 


It was observed that ethylene had the same effect as apple 
vapour in bringing on the climacteric rise and that the vapour 
of bananas, peaches and pears (but not oranges or grapes) gave 
off the same activating vapour as did apples. The observations 
relating to bananas gave the explanation of a biological phenomenon 
in the overseas transport of that fruit which has for some years 
been a mystery. As is well known the fruit is stored in the imma¬ 
ture green state in the ship’s hold, and it has been found by 
experience that if any fruits mature in transport they should 
immediately be removed or ripening will set in throughout the 
population. This extraordinary action-at-a-distance, which should 
immediately have suggested the working of some volatile substance, 
is now explained, for it is easy to bring on the climacteric in bananas 
by exposing them to the vapour from another individual in the 
ripe condition. 

Since the discovery of the similarity of the action of apple 
vapour and of ethylene the latter substance has been demonstrated 
in apple vapour, and it has been shown that its production is not 
conned to the climacteric and post-climacteric stages but that 
it occurs also in the immature pre-climacteric stage though in less 
amount. The tissues of the apple, and also the pear, are thus ex¬ 
posed to self-produced ethylene for some time before the climacteric 
rise sets in. The conditions which initiate the climacteric under 
natural oonditions are obscure. It may be that with slow metabolic 
change in the tissues of the fruit there is an increased production of 
the substance, thus raising the concentration to a sufficiently high 
level, or with the metabolic change there may be a heightened 
physiological response so that the tissues react to a concentration 
of ethylene to which they were formerly inactive. When a small 
part of the tissue has been stimulated it will produce more ethylene 
and this will diffuse through the intercellular spaces and so “ acti¬ 
vate ” othw parts of the fruit and the process of auto-gtitntdcUion 
will continue at an aooelerating rate on the compound-interest 
principle. 

Quamiitif of Volatile Svbatanceg .—^The gases given off by fruits 
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are water vapour, carbon dioxide and various volatile organic 
substances which include esters, essential oils and, in some oases, 
ethylene. The volatile organic substances can be determined by 
passing the vapours over red-hot copper oxide and determining 
the carbon dioxide thus j^roduced. There is evidence that the 
production of the volatile organic substances runs parallel with 
that of the carbon dioxide of respiration as is shown by the data 
(from R. Gane) given below. 

CxBBON Dioxide krom Respiration and prom VoLATn.E Organic Scbstakcks 

OF Pears at 1/5^* C. 

(mg. per kg. per hr.) 


Paya from Storage. 

CO, of Respiration. 

CO, of (\>mbuaiioiii. 

11 

8 

005 

25 

10 1 

0*2 

40 

40 j 

0*7 

50 

18 1 

01 


Eleven days after storage 1 ml. of ethylene was added to the gas 
stream passing over the fruit so as to bring all the fruit to maturity 
together. The maximum both of respiration and of the produc¬ 
tion of organic substances was reached at 40 days. In Newton 
Wonder and Worcester Pearmain apples at 16° C. the production 
of combustible substances was almost constant over 20 days. The 
ratio of the carbon dioxide from the combustion of the volatile 
products to that of respiration was 1 : 70 and 1 : 66 in the two 
oases. 

Scald .—Whenever fruit is kept in closed chambers whether in 
cold store or gas store there is an accumulation of volatile organic 
substances. One of the results of closed storage is the appearance 
in susceptible varieties of an injury to the apple, a browning of 
the surface, known as “ scald.” The nature of the injury is BtUl 
unknown, but it appears to be due to an accumulation at the sur¬ 
face of the fruit of some volatile substance formed in the inner 
tissues and probably passing out through the lenticels. Curiously, 
however, the empirical fact is known that by suitable ‘‘ wrapping ” 
of the apple the injury can be avoided, a discovery made in U.S.A. 
The most suitable wrap is a paper impregnated with a mineral oil 
(which should be tasteless and odourless) to an amount of 16-20 
per cent, of the original weight of the paper ; paper itself if suffi¬ 
ciently thick (4 gm. of paper per apple) wUl produce the same 
effect. The theory is that scald is due to some volatile product 
accumulating in excess in the surface tissues, and that low tern- 
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perature favours this aooomulation while the oil wraps facilitate 
its escape, presumably by absorbing it and so increasing the gradient 
round the fruit. The fact that intermittent warming of the firuit 
(1 day at 15° C. every 14 days) will control the injury in a store 
held at 3° C. supports this view. The real nature of scald is a 
fascinating biological problem. 

Gas Storage 

As has been pointed out there is a close negative correlation 
between the respiratory activity of fruit and its storage life ; thus 
the slowing of respiration and the concomitant increase in expecta¬ 
tion of life can be brought about by a lowering of temperature. 
Accepting the process of respiration as a chemical one in which 
complex organic substances are oxidised to carbon dioxide and 
water one would expect that an accumulation of the end products 
would reduce the rate of the reaction. A “ back pressure ’* of 
carbon dioxide, apart from temperature reduction, should slow down 
respiration and so slow down metabolic processes and prolong life. 
This has been found to be the case, and the effect is the basis of 
modem “ gas storage ” which has been developed by Kidd and 
West of the Low Temperature Research Station. In the process 
of gas storage the fruit is stored in a closed chamber with the 
result that carbon dioxide accumulates in the surrounding atmo¬ 
sphere and oxygen diminishes. Necessarily, since the volume of 
carbon dioxide produced is roughly equal to that of oxygen absorbed 
the sum of the percentage concentrations of the two gases will 
remain about 21, the original concentration of oxygen. If the 
carbon dioxide has accumulated to 13 per cent, then the oxygen 
will be found to be about 8 per cent, provided there is no leakage. 
The principle of gas storage is to allow the fruit to narcotise itself 
by the accumulation of one of its own waste products, namely 
carbon dioxide. The store, however, cannot be simply left closed as 
one gas would then pile up and the other be depleted to a dangerous 
extent, for the fruit is injured if the carbon dioxide and oxygen 
rise and fall within more than a limited range. This difficulty is 
got over by “ regulated ventilation ” which admits a certain amount 
of air from the outside, thus raising the concentration of one gas 
and lowering that of the other. 

It is found that the lowwing of the respiratory rate is due not 
only to the accumulation of carbon dioxide but the reduction of 
oxygen also plays a part, as is to be expected on general chemical 
groimds. It has also been discovered that although the system 
of controlled ventilation is adequate for Bramley’s Seedling apples 
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which are suited by an atmosphere of 10 per cent, carbon dioxide 
and 11 x>er cent, oxygen, most other important varieties unfortu¬ 
nately require an atmosphere which cannot be achieved by replacing 
the oxygen of the air by an equal volume of carbon dioxide. That 
valuable variety, Cox’s Orange Pippin, requires, for example, an 
atmosphere containing approximately 6 per cent, carbon dioxide 
and 6 per cent, oxygen. To achieve such a reduction of oxygen 
by the respiration of the fruit leads to an excess of carbon dioxide, 
so it is necessary to introduce some system by which the unwanted 
excess of gas is abstracted by chemical absorption. Furthermore, 
it has been found most satisfactory to combine gas storage with 
some degree of refrigeration, the effect of the special atmosphere 
surrounding the fruit being greater at a lower temperature; thus 
the modern method is now “ refrigerated gas storage.” 

Refrigerated gas storage has a number of advantages over 
ordinary cold storage in air. There is the combined effect of the 
special atmosphere and the low temperature both increasing the 
life of the fruit. With storage in air many varieties of apples are 
liable to ‘‘ low-temperature breakdown,” a direct physiological effect 
of the reduced temperature ; in gas storage the temperatures em¬ 
ployed are not low enough to produce the breakdown. With these 
and other advantages, such as the destruction of Tortix larvas, it 
is not surprising that the gas stores in this country have risen in 
capacity from a few thousand cubic feet in 1929 to over 2 million 
in 1936. 

The physiological aspects of gas storage are stUl somewhat 
obscure. The chemical reactions of the respiratory process are so 
complex and the conditions under which it occurs are so highly 
specialised that there is not likely to be any simple explanation 
of the inhibiting effect upon respiration which the special atmosphere 
exerts. One interesting physiological result has recmitly come to 
light which shows carbon dioxide in another role than that of 
depressant. Commercial gas stores have on occasions shown a 
concentration of carbon dioxide unexpectedly high during the first 
few days after closure. Laboratory experiments have shown that 
in the pre-climacteric stage concentrations of carbon dioxide of the 
order of 10 per cent, may cause a rise in the respiratory rate which 
lasts, however, for a few days only and is greater with more immature 
fruit. In some Bramley’s Seedlings stored at 10° C. in an atmo¬ 
sphere of 10 per cent, carbon dioxide and normal oxygen content 
the transitory rise was of the order of SO per cent, in fruit so 
treated on August 26, and of 30 per cent, on September 4. The 
fact that increased tension of carbon dioxide though usually depress- 
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ing respiration may at some stages of growth aotmUly raise it show 
how complex must be the respiratory relationships in the living 
fruit. Tl^ complexity is also indicated by the analytical data 
given by Kidd and West for the twelfth and thirtieth day of storage 
of a single mature Bramley's Seedling apple held at 22’5° C. The 
numbers relate to 100 gm. of fresh weight. 

Loss or MATKBiiU. AND Rbspibation or Applg 

Low of dry weight . . 0-86 gm. CO, produced . . 619 

„ „ osrbohydrste . . 0*62 „ O, uptake . . 460 

„ „ acid . . . 0-36 „ CO, — O, ratio . . 1-38 

On the basis of oxidation of the carbohydrate and of the acid, 
692 c.c. of carbon dioxide should have been produced and 635 c.c. 
of oxygen taken up (ratio 1-09); both gases, however, ore lower, the 
oxygen very considerably. The fact that the loss of dry weight 
is less than the amounts of carbohydrate and acid that have dis¬ 
appeared also suggests that neither of these substances is completely 
oxidised. 

INTERNAL Atmosphere op the Apple and its Anatomy 

It might be thought that the structure of the fruit was of little 
importance in scientific problems of fruit storage, which would 
seem at first sight to be solely physiological. Physiological con¬ 
ditions may, however, depend upon structure, and this is clearly 
seen in relation to the internal atmosphere of the fruit. In a gas 
store it is not the. atmo«phere of the store to tvhich the fruit reacts 
but its own internal atmosphere. The living cells of the flesh of the 
fruit receive their oxygen from, and pass their carbon dioxide to, 
a system of intercellular spaces which permeate the flesh and com¬ 
municate with the external atmosphere by means of pores (lenticels) 
in the waxy and more or less impermeable skin, though there may 
be some interchange of gases at the “ calyx end ” of the apple. 
Since the channels of the system of intercellular spaces are very 
narrow and their communication with the external air not very 
£ree, it is not surprising to find that in these spaces the concentra¬ 
tion of carbon dioxide is always higher, and the concentration of 
oxygen always lower, than that of the external atmosphere. 

Owing to the importance of apple structure, considerable studies 
have been made of the fruit anatomy by W. H. Smith of the Ditton 
Laboratory of the Department of Scientific and Industrial Research. 
There is a considerable variation in the size of the cells of the fiesh 
of the apple, the size tending to increase radially from the core. 
A OOTtelation between size of fruit and of cell was found in a 
population of Bramley’s Seedling apples which ranged in weight 
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from 67 to 463 grammes. The mean cell size for a number of varieties 
has been estimated together with the calculated number of cells 
per gm. of cortex, the sp. gr. of the cell being taken as MO and 
the volume of intercellular spcwje allowed for. The respiratory 
activity is given in terms of c.c. per 10 kg. per hr. at 12*^ C. 



Moan VVi. 

(?ra.). 

Cell SlM. 
(mm.*). 

No. of ('oils 
l>er gm. 

B«iiplratory 

Activity. 

Bramloy's Seedling .... 

220 

0*006.3 

180,000 

50-66 

Allington Pippin .... 

135 

0*0033 

276,000 

86-90 

Cox’s Orange Pippin 

87 

0*0029 

315,0(X) 

90-96 

James Grieve. 

120 

0*0024 

380,000 1 

86-90 

Grimes Golden. 

65 

0*0018 ! 

506,000 i 

no 

Worcester Pearmain .... 

82 j 

0*0018 i 

506,000 1 

120 

Beauty of Bath. 

71 

1 

0*0014 

660,000 ' 

1 

165 


It will be seen that as the number of cells per unit of weight increases 
the respiratory activity rises. The summer varieties tend to have 
large numbers of cells and a high respiratory rate, while the winter 
varieties have a smaller number of cells and a lower rate. 

From the above data it is |X)88ible to calculate the respiratory 
activity per cell, and some results are shown below. 

Calculated Kespieatory Activity pkh Cell at 12° C. 


(mg. per hr. X 10*) 

Allington Pippin.6*4 Beauty of Bath.4*8 

Bramley’s Soiling.6*8 James Grieve.4*6 

Cox's Orange Pippin .... 5*8 Grimee Golden.4*4 

Worcester Pearmain .... 4*8 Lord Derby.3*2 


There is some suggestion that smaller cell size means greater 
activity, and the greater relative cell surface of the small cells may 
play a part in the respiratory differences ; there may also be char¬ 
acteristic j)hysiological differences in the cells of different varieties. 
It must also be remembered that the respiration is that of the apple 
as a whole and the apples may vary in the relative amount of the 
less active core. 

Jntercellviar Space and Atmosphere .—By removing cylinders of 
apple flesh and placing them in closed chambers in which pressure- 
volume changes can be followed in comparison with similar cylinders 
of non-porous material the volume of intercellular space can be 
calculated. Some of the results for different varieties are given 
below, and for comparison that of a potato. 

lMXaSCBI.LUI.AB VOLUKB OS ASTLS 
(Per cent, of volume of tieeue) 


Stunner Pippin.22-2 Btemley’a Seedling .... 28-1 

Lme’s Prince Albert .... 24-4 Lord Derby.85-9 

Cox’* Onuige Pippin .... 86-6 Potato.8-8 
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The difiFerences of Lord Derby over Sturmer Pippin are over 
60 i)er cent., and the great efficiency of the aerating system of the 
apple compared with that of the potato is well seen. 

With regard to the intercellular atmosphere differences of 2-6 
per cent, have been found in Bramley’s Seedlings at 18° C. in the 
concentrations of carbon dioxide and of oxygen in the external 
and internal atmosphere. In Sturmer Pippin difiFerences as high 
as 8-9 per cent, have been observed at 15° C. In this variety it 
hsuj been calculated that with rise of temperature on a hot summer 
day the oxygen might fall almost to zero and the carbon dioxide 
rise to 15 per cent. Since the internal concentration represents a 
dynamic equilibrium between production and loss by diffusion in 
the case of carbon dioxide, and between consumption and rate of 
entry in the case of oxygen, it is found, as would be expected, 
that the curves of respiratory activity and of these differences of 
concentration are roughly parallel when plotted against time. The 
ratios of the corresponding values on the two curves give some 
measure of the porosity of the apple at that time. Such values 
were found to be aijproximately constant up to the climacteric 
rise and then gradually to decrease ; changes of porosity with age 
have also been observed in tropical fruits. It is obvious that two 
varieties in gas store even if they have the same respiratory activity 
will have different internal atmospheres, t.e. different effective 
atmospheres, if their porosities are different. 

Vakiability of Livino Material and Storage 

That bugbear of the experimental biologist, the “ previous 
history ” of his material, is always an important factor in experi¬ 
mental work in relation to storage. Apart from the marked 
differences between varieties—in gas storage a suitable atmosphere 
has to be worked out for almost each apple variety—^and the 
variation in a population of the same variety, a large number of 
factors acting on the tree and the fruit may affect storage be¬ 
haviour. It is a remarkable example of the delicately balanced 
equilibrium of living material. 

Effect of Mamuring on Storage QtuxlUy .—^In recent years Kidd 
and West, in collaboration with the East Mailing Research Station, 
have designed experiments on the storage life of Cox’s Orange 
Pippins grown on different East MaUing stocks and given eight 
different manurial treatments. In the season 1936-87 sufficient 
fruit was for the first time available for a storage trial, the samples 
being, however, 'from one stock only. The most striking result was 
the effect of potash manuring, whether given alone or combined 
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with nitrogen or phosphate. Additional potassium added to the 
soil not only increased the size of the fruit but also markedly added 
to the storage life at 4-5‘’ C. A few of the results are given below, 
where N represents the addition of ammonium sulphate (1| cwt. 
per acre), P the addition of superphosphate (6 cwt. per acre) and 
K that of potassium sulphate (2 cwt. per acre). 


Weight and Storage Life of Cox’s Orange Pippin with various MANURiAii 

Treatments 


Treatment. 

Weight 

(gm.). 

Storage Life 
(Uaya). 

Treatment. 

Weight 

(gm). 

Storage Life 
(I)ay»). 

NPK 

84-5 

188 

NP . . . 

64-1 

152 

NK 

84-8 

174 

N . . . . 

68-6 

141 

PK 

890 , 

208 

P . . . . 

60*8 

129 

K . 

80-8 

212 

Nil . . . 1 

63-1 

156 

Mean 

84*8 

195 

Mean . . . | 

1 1 

04* 1 

144 


The effect of “ previous history ” on the fruit is very pronounced. 
Not only is the average weight of the apple increased by potash 
manuring of the trees but the fruits are brought into a different 
physiological condition, with the result that the mean storage life 
(based on 10 per cent, wastage) is increased on an average by 60 
days over those without potash. The wastage in this case (at 
4-6° C.) was solely fungal rotting, but with similar material held 
at 1-1“ C. there was considerable low-temjjerature breakdown which, 
however, was almost confined to fruit from the trees recemng 
potash. Potash is thus remarkable in increasing the effect in the 
one case and reducing it in the other. 

FgKGAL Attack of Stobbd PEtriT 

Fruit in cold and gas store may not only be rendered unmarket* 
able by physiological diseases, such as low-temperature breakdown 
and scald, but sooner or later it is invaded by fungi, though this 
may be only after it has passed beyond the period of commercial 
storage. The question naturally arises as to the conditions in a 
store which affect the amount of fungal invasion, and attempts 
have been made to relate it to temperature but without much 
success. The difficulty is due to the fact that wastage in store 
is controlled not only by the natural resistance of the fruit, but 
also by the degree of infection of the surface of the fruit when 
stored. There are thus at least two factors at work, and a given 
level of wastage in store might be due to a high level of infection 
or to a low resistance, or to some combination of the two. 
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Mate of Fungal Invasion .—^It is obvious that in the study of 
fungal w;^age some method is required by which the natural 
resistance of the fruit can be estimated directly. Such a method 
has been worked out for the apple by Gregoiy and Horne {Proc. 
Roy. 8oc., B, 102, 427, 1928). It consists in inoculating the fruit 
under standard conditions by removing cylinders of flesh at two 
opposite equatorial points by means of a cork-borer, inoculating 
with a portion of fungal cidture, and replacing the plugs ; the 
fruit is then kept under standard conditions. The rotted tissue 
softened by the fungus is soooj^ed out after an appropriate time 
and the weight of the apple before and after gives a measure of 
the amount of invasion. The “ raw values of the weight of the 
rotted tissue cannot he used directly as these vary with the size of 
the apple, since invasion tends to advance in the form of a spherical 
shell. When combined, however, with the diameter of the particular 
apple and the period of time, such data will give, by an equation 
developed by the authors, the rale of radial advance through the 
apple from the point of inoculation. This gives a standard for 
the activity of the fungus and is usually expressed as millimetres 
per day. The mean rate of radial advance of a sample of apples 
gives a measure of the resistance—or its inverse, susceptibility 
—of the apple for the particular fungus employed. 

Using this method, and a standard fungus Cytosporina ludibunda^ 
Homo has carried out numerous studies of resistance to fungal 
invasion as affected by variety, manurial treatment of tree, nature 
of stock on which the variety is grown, chemical composition of 
fruit, and age of fruit. Reference can be made only to the fact 
that nitrogenous manuring, reflected in a higher nitrogen content 
of the fruit, reduces resistance to fungal invasion. On the other 
hand, the use of potash fertilisers, again reflected in a higher 
potassium content of the fniit, heightens resistance to fungal 
invasion. The increase in storage life resulting from potash manur¬ 
ing pointed out earlier is thus shown by these analytical studies 
of Horne to be almost certainly due to a physiological effect of 
potassium which in some way retards fungal invasion. 

Using the method of radial advance it can be shown that 
resistance often changes markedly with time. 


BeAMUSY'S SKI6DX.1NG IN BtOBB 
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The rate of radial advance has more than doubled during a 
period of 163 days, the difference between the two dates being 
highly significant. With lapse of time the resistance of the apple 
to fungal invasion has thus fallen heavily. 

Reference has been made only to a few of the more interesting 
biological investigations relating to fruit storage which have been 
carried out in this country in recent years. Full records are to 
be found in the interesting and valuable Reports of the Food Inves¬ 
tigation Board published annually by the Stationery Office. These 
reports serve to show how the demands of applied science inevitably 
give an impetus to the fm^her development of fundamental work. 



THE LIGHT OF THE NIGHT SKY 

By Professor JEAN CABANNE8 

Vnivernty of Paris 

Intkoduotion 

The sky during moonless nights gives more light than all the visible 
stars put together. For a very long time this general luminosity 
seemed to be self-evident. It was assumed without discussion that 
the additional light was coming from weak stars only. Yntema 
first showed in 1909 that the brightness of the sky is much too large 
to be attributed to the stars. Thus the problem of the night sky 
arose. 

Stellar counts enable us to estimate the illumination given by 
stars up to the twentieth magnitude. The weakest telescopic stars 
contribute very little to the total, and we can be sure that the 
effect of the unobservable stars in our own galactic system is so 
small that the extrapolation formula used to estimate its value is 
unimportant. Dufay, now Director of the Lyon Observatory, 
gave the best criticism of stellar statistics and the first accurate 
measurements of the light of the night sky. All the telescopic 
and unobservable stsurs contained in a square degree of the sky 
in the neighbourhood of the Pole Star give the same illumination 
as one star of magnitude 4*4, but the observed illumination is 
seven times larger. 

These results must be corrected for atmospheric scattering. 
The light from the Milky Way and the visible stars scattered by 
the atmosphere must be added to the luminosity of the sky itself 
whatever be the region observed. Above the terrestrial atmosphere 
the proportion of light given by weak stars would be larger—about 
one-fifth larger for radiations affecting a photographic plate. 

We have then to look somewhere else for the origin of the most 
important part of sky light and two assumptions could be made. 
We could think of a scattering of the light given by the sun or 
the stars in the intersidereal space, scattering due to electrons, 
molecules or cosmic dust; or else we could think of a luminesoenoe 
of the high atmosphere much like polar aurorte. 

48« 



436 SCIENCE PEOOBBSS 

If we analyse the complex light from the night aky with » 
spectrograph, the first radiation appearing on an orthoohromatic 
plate is the green line of polar aurorse A 6677. As early as 1919 
Slipher observed that this line is always present, even for low 
latitudes. McLennan showed that it was emitted by the neutral 
oxygen atom. In 1922-23 Lord Rayleigh gave much longer 
exposures (60-200 hours), using a small objective of great aperture, 
and obtained three photographs which showed not only the green 
line but a continuous spectrum cut by the H and K absorption 
lines. Moreover, two of the plates showed two bright bands of 
unknown origin, one in the blue and the other in the violet. These 
have been called X, and X,. Slipher, from the Lowell Observa¬ 
tory, confirmed the existence of these radiations in the sky. 

At about the same time, Dufay, using a spectrograph with 
quartz prisms and lenses, obtained a continuous siiectrum showing 
dark lines which he identified with those in the solar spectrum. 

Thus, as early as 1923, the light from the night sky appeared 
to bo extremely complex. This is well known to-day. One part 
of the light, emitted in the high atmosphere, gives a complicated 
spectrum, composed of bright lines and bands. To a certain extent 
this luminescence can be compared to jmlar aurorae. It is related 
to solar activity and to its atmospheric manifestations, such as 
ionisation intensity and the amount of ozone produced. This 
luminescence is doubtless distributed on several layers of different 
altitudes and probably extends even beyond the terrestrial atmo¬ 
sphere into intersidereal space. 

Superxmsed on this spectrum, composed of lines and bands, is 
a continuous spectrum of just as complex an origin. One part of 
this emission comes, as we have pointed out already, from weak 
stars. Another part is related to zodiacal light, which it is difficult 
to localise in the solar system; scattering of stellar light in the 
galaxy also plays an important role. 

The problem of night sky is thus made difficult by the extremely 
weak light, by the superposition of an emission spectrum on an 
absorption spectrum and by the variation of the intensity in time 
and space. But a great number of other problems of geophysics 
and astrophysics are involved in the research. Many workers have 
been attracted by its importance and we are glad to acknowledge 
that a Committee of the International Astronomical Union is from 
now on going to deal with its problems. I was myself, in August 
1933, able to gather some of my pupils on the Pic du Midi (Pyrenees), 
and Dufay and myself then decided, with the oollalmration of 
Garrigue and Gauzit, to undertake a systematic research in Blont- 
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pellier, Lyon and on the Pic du Blidi. This collaboration has been 
fruitful and is still lasting. 

In order to obtain spectra of the light from the sky every 
night, with a few hours’ or even a few minutes’ exposure, we had 
to build spectrographs of a new type, both of great aperture and 
of a sufficient dispersion. The instruments best adapted for such 
a study are actually those devised by Cabannes and Dufay, by 
Gaxrigue, by Amulf and Lyot, and the spectrograph mounted by 
Struve on the tube of the great refractor of the Yerkes Observa¬ 
tory. In all such instruments of great aperture the useful diameter 
of the photographic objective is at least equal to its focal length. 

SCATTBEIKO OF LiGHT IN THE GaLAXY 

The continuous spectrum of the night sky shows Fraunhofer’s 
dark lines. These lines might come directly from the spectrum 
of weak stars, as most of the stars are of the solar type. But if 
we measure growo moio the intensities of the H and K lines in 
the night sky’s spectrum we find that the effects of the weak stars 
could not explain the large intensities actually found. The absorp¬ 
tion lines must then be part of the continuous spectrum of unknown 
origin which is superposed on that of weak stars. We have thus 
a hint as to the origin of this continuous spectrum. It comes 
probably from a scattering of the light of the Sun or the stars. 
But, as we have to deal with scattered light, we have two questions 
to answer: firstly, what is the origin of this scattered light and, 
secondly, what are the scattering partides ? 

We have two ways in which to attack this problem. The first 
is to study the energy distribution in the spectrum of the scattered 
light, and the second, if the rays are polarised, to measure this 
polarisation. It is very difficult to determine accurately the energy 
distribution in the spectrum of the night sky; such measure¬ 
ments have not yet b^n made. However, some interesting results 
have been obtained by using blue, green and red filters. It has 
been found that the night sky is extraordinarily red, just as red 
as the opening of an oven at a temperature of 2200° K. That is 
far from the 6500° K. neoessaiy for the emission of white light. 
But this “ red of the night sky ” is due to luminescence inside the 
terrestrial atmosphere. There are numerous and intense emission 
bands in the red pmt of the spectrum, but nothing can be deduced 
from the observations concerning the distribution of intensities 
in the continuous spectrum. 

With photographic plates not very sensitive to red light Rudniok 
obtained a colour-index not very different from that of the Sun. 
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So, if it were not for the atmospheric lummesoence, night sky would 
be white. Some molecules and atoms would scatter a blue light, 
the “ blue of the day sky.” The intersidereal particles which 
scatter, night and day, the light coming from the Sun or the stars 
would then be electrons or solid dust. 

Polarisation measurements are much more advanced. An in¬ 
finity of planes passes through a beam of light. If all the azimuths 
have the same properties, if they are all alike, the beam of light 
is not polarised. If there are some privileged azimuths with peculiar 
properties, we say that the beam of light is polarised. Both cases 
may occur in the sky. If we consider the scattering of solar light, 
the plane defined by the visual ray and by the Sun has obviously 
peculiar properties. It is probable that the scattered light will be 
polarised. On the contrary, when we deal with a scattering of 
stellar light we can assume a roughly uniform distribution of all 
the stars in the sky, there is no privileged plame and the light is 
not polarised. Dufay, however, has found in the light from the 
night sky a very weak, but measurable, polarisation. 

Another approach to the solution of the problem is provided 
by a study of the zodiacal light, whose brilliancy is two or three 
times greater than that of the sky and which is strongly polarised. 
On the other hand, luminescence phenomena are no more intense 
in zodiacal light than in the other parts of the sky. Zodiacal 
light is due to scattering of the light emitted by the Sun. 

We could then ask ourselves if the continuous spectrum of the 
night sky is not simply an extension of the zodiacal light. If this 
were so the polarisation of the light should be of the same order 
of magnitude. But the number we find is five or six times smaller. 
That leads us to think that, if the Sun plays a role in the light 
from the night sky, the stars play their part too. There is scatter¬ 
ing of the stars’ light by particles distributed in the galaxy. 

Elvay and Roach were able to separate the different components 
of the night sky’s light by studying the distribution of the brilliancy 
throughout the firmament by means of a self-registering photometer 
with a photoelectric cell, thus obtaining observations very rapidly. 
They measured atmospheric luminescence and scattering, brilliancy 
of zodiacal origin, and the " cosmic component,” which includes 
the light from weak stars, and also the scattering in the galaxy. 
As the light of weak stars may be calculated by stellar counts, 
we obtain by difference the amount of scattered light in the galaxy. 
By this method the existence of such scattering is given definite 
proof. 

It is interesting to compare the results of these workers with 
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Dufay’s theoretical predictions. An absorption of light by the 
galaxy had been measured by numerous methods. There is an 
increase of one magnitude per kilo per sec. ; that means roughly 
a diminution of one-half for 6000 light years. Dufay, and more 
recently Fasenkov, showed how to calculate the diffusion of light 
in the galaxy from the absorption data. There is a surprisingly 
good agreement between these calculated values and those result¬ 
ing from the later measurements of Elvay and Roach. As for the 
extragalaotic nebula*, according to the counts by Hubble, they 
have practically no part in the luminosity of the sky. 

Forbidden Lines of Oxygen 

Identification of the radiations emitted in the high atmosphere 
is difficult because of the small dispersion of spectrographs with 
great aperture, as used up to now. However we arrived at a total 
of well-established results. The most intense radiations in the 
visible spectrum are definitely identified : they are lines of the 
neutral oxygen atom and bands of the neutral nitrogen molecule. 
This luminescence spectrum presents two essential character¬ 
istics : on the one hand, transitions accompanying the emission 
of lines and bands are forbidden transitions ; on the other 
hand, the necessary energy for exciting such permanent aurora ” 
is less than 7 electron-volts and consequently much inferior to 
the energy involved by six)radio aurora-manifestations. 

The history of forbidden radiations is curious. When an 
astronomer is discovering a new radiation in the sky, he measures 
its wave-length and looks in catalogues for its origin. Often he 
notices that it is not there. The first observers had then thought 
such new radiations were emitted by unknown particles and they 
invented, for their cause, chemical elements such as the nebuliiun 
of gaseous nebulas, the corouium of solar corona, or the aurorium 
in the case of polar aurorss. But, with the progress of atomic 
physics, it has become clear that possibilities of emission were not 
exhausted by our sources of artificial light, and that there could 
be, under different conditions of excitation, emissions forbidden in 
the laboratory. And that is effectively what is happening. 

An atom, such as the oxygen atom, is normally in a certain 
minimum state of energy But when we excite it, there is a 
change in the electronic configuration; a new order establishes 
itself; the atom has passed to a higher energy level One finds 
a great number of these excited levels above the nonnol level. 
From each of them the atom may return spontaneously, from fall 
to fall, to the normal level. On each fall the atom liberates an 



440 


SCIENCE PBOORBSS 


excess of energy — w^y and this energy is radiated. Thus are 
explained the different radiations emitted by one atom on retum- 


ing to its normal state ; their frequencies v 


h 


are pro¬ 


portional to the energy lost by the atom. 

But the spontaneous return from an excited level to a lower 
energy level is not always easy. Thus, a little above the normal 
level of the oxygen atom, we find successively two “ metastable 
levels and ^S. Probability of the returns —► ^D, —► *P, and 

ig ^ 3p is small; these transitions are forbidden by the ordinary 
selection rules of spectroscopy. While generally not more than 
one ten-millionth of a second is needed for the spontaneous fall 
of the atom to a lower level, in the case of the oxygen atom about 
one second is needed to pass from the second to the first metastable 
state with emission of the line A 5577, and to pass from the first 
metastable state to the normal state with emission of the line 
A 6300, about two minutes are needed. During that time, many 
accidents may hapj)en; for example, collisions may destroy the 
metastable atom and reduce it to the normal state before it has 
time to radiate. One says the 5577 and 0300 lines are forbidden. 
More exactly, they are difficult to produce in the laboratory. 
Large volumes of extremely rarefied gas are needed such as occur 
in the high layers of the atmosphere, in comets, and in novse. 
There, collisions are infrequent and the atoms have time to live 
their life. Our progress in the knowledge of electron levels of atoms 
is thus connected with the discoveries of astronomers. 

The forbidden oxygen lines 5577 and 6300 ore the most intense 
in the visible part of the night-sky spectrum. The first one is 
the famous green line of the polar aurorae, identified by McLennan, 
who succeeded in reproducing it in the laboratory by submitting 
oxygen diluted in an inert gas to a convenient electric field. The 
red line had for a longer time remained little known. Being gener¬ 
ally weaker in the polar auroreB than the green one, and coming 
out on panchromatic plates only, it has attracted less attention. 
We were able to measure its wave-length in the night sky and in 
this way to establish the identity of the red line in the sky with 
the radiation of oxygen, predicted and calculated a priori by 
Prerichs in 1930 and later on observed with difficulty in the labora* 
tory by Paschen and Hopfield. The identity of the line A 6300 of 
the night sky is confirmed by the presence of a weaker line A 6864. 
It is known of course that the fundamental level of the oxygen 
atom is a triplet level. The most intense line accompanies the 
transition 'D —► ; the other, the transition •Pi. A third, 
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weaker line, *D —‘P, could be expected. It has not yet been 
observed. 

Systematic comparison of the intensities of green and red oxygen 
radiations could lead to important results. The spontaneous transi¬ 
tion *D —‘P* which furnishes the red line is two hundred times 
less probable than the transition >S — to which the green line 
is due. A variation of density of the air in the luminescent layers, 
causing a change of the froquency of collisions between the oxygen 
atom and neighbouring particles, is not acting in the same manner 
on the intensities of both lines. Such comparisons have often been 
made with the novee and it is found that the green line attains 
its maximum intensity about three weeks before the red line. 
Thus, during three weeks we see the excitation and density of the 
gaseous mass decrease. We follow the evolution of the star. 

Garrigue made the important discovery that the intensity of 
the red line diminishes during sunset, and increases during sunrise. 
We recognise here a direct action of sunlight. It dissociates the 
oxygen molecule into one normal atom *P and an excited one ‘D. 
It is interesting to follow this action into higher and higher layers 
of atmosphere when the Sun is descending below the horizon. 
Emission seems to be a maximum at a height of about 120 km., 
but we have observed it up to the record altitude of 1000 km. 
The green line does not show any such change. 

Sodium in the Uppbb Atmosphbbb 

Between the green and the red oxygen line, our spectrographs 
show a yellow line the wave-length of which coincides with that 
of the doublet of sodium. It was discover^ by Slipher in 1929. 
Interference methods enabled us to separate the two lines D, and 
Dt and to show that D, is twice as intense as D,. The presence 
of sodium in the high atmosphere is thus definitely established. 
The doublet of sodium is intensified at sunset as is the red oxygen 
line, but the altitude is not the same: Bernard observed that 
intensification of the yellow doublet ceases abruptly as soon as 
the sun-rays exceed an altitude of 60 km. We already knew that 
it was not due to the interstellar sodium, since during the night 
the intensity of the radiation increases from 1 to 3 if we observe 
sttooessively the zenith and the horizon, but this variation of inten¬ 
sity gives an altitude of about 130 km., which is higher than that 
given by Bernard’s observations. Perhaps luminescence of inter¬ 
stellar sodium joins that of the atmospheric sodium ? Perhaps the 
huninesoent atmospheric layer is not the same at sunset as during 
the night ? 
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To explain the unexpected presence of sodium atoms in the 
high atmosphere we thought of the fall of meteorites ; the weight 
of matter we receive from the sky attains 4 grammes per square 
kilometre every year. There is 1 per cent, of sodium in it. The 
yellow radiation of night sky would then reveal simply the con¬ 
tinual bombardment of the earth by cosmic dust. But there must 
be explained the surprising diminution of sodium light that we 
noticed during summer months. Also the presence of the calcium 
and aluminium lines would have to be verified ; these elements 
are, indeed, even more abundant than sodium and their resonance- 
lines are in an easily accessible spectral region. 

Foebidden Bands of Nitrogen 

Passing now to the blue and violet radiations emitted by the 
night sky, we reach a part of the spectrum altogether more diffi¬ 
cult to identify, because it contains a very great number of rather 
faint lines and bands. It is well known that the spectrum of 
the polar aurorae is characterised by a small number of strong 
ban^ which are attributed to the second positive system and 
chiefly to the negative system of the nitrogen molecule. Their 
intensity makes them evident, isolates them from the whole spec¬ 
trum, and their origin is not to be doubted. Besides these strong 
bands we observe much weaker bands, and, strange to say, just 
these weak radiations are found permanently in the night sky from 
which the strong bands of the auror® have disappeared. Apart 
from the accidental auror®, the excitation of the high layers of 
atmosphere is thus insufficient for emission of the second positive 
system and, a fortiori, of the negative system of the nitrogen mole¬ 
cule ; it is therefore less than 11 electron-volts. But we might 
ask ourselves if the spectrum of the night sky does not coincide 
with a new system of bands of the nitrogen molecule arising from 
quantum levels lower than the bands of polar auror®. Now Vegard 
had discovered in the luminescence of the nitrogen crystals, and 
Kaplan, in a gas-tube, forbidden bands which are emitted when 
the molecule falls back from the raetastable level A(*S) to the nor¬ 
mal level X(*Z). Also, we know that nitrogen molecules in the 
state A exist in the sky. One finds, indeed, in the red and infra¬ 
red, bands of the first positive system emitted at the transition 
B—♦-A. The easiest to observe and to identify is the red band 
with two maxima XX 6600-6660, accompanying the transition 
B(e' = 7) —► A(t;* = 4). Kaplan was the first to ask himadf 
whether Lord Rayleigh’s blue and violet radiations, which we 
called Xi and X, at the beginning of the present article, did not 
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belong to the system of bands A —► X. We tried to verify this 
hypothesis, and the result v^as really conspicuous : we find in the 
sl^ all the Vegard-Kaplan bands, of which the initial quantum 
v’ is near 2 and which belong to the sequences v" — v’ = 10, 
11, 12, 13. In the spectrum they catch the eye, from the blue 
band A 4838[A(v' — 2) — ► X(t)* ~ 16)] to the ultra-violet band 
A 3760[A(t>' = 2)—*-X{v" -■ 12)]. Thus, the emission spectrum of 
the night sky in the blue, violet and the beginning of ultra-violet 
is essentially constituted by the “ forbidden ” bands of Vegard- 
Kaplan. Tlie luminous particle is the neutral nitrogen molecule 
carried to the rnetastable level A with the vibration quantum 
number 2 or 3. This important result fixes the available energy 
near 0-7 electron-volts. 

Pkkiodical Variations ok the Nioht Sky Light 

We have followed at Montpellier for more than one year the 
variations of intensity of the nitrogen bands X, and X,. The 
fortuitous changes noticed from one night to another do not obscure 
a slower and mure regular variation. When making the harmonioal 
analysis of this slow variation, we find a yearly period with a 
maximum in June and a minimum in December, and a half-yearly 
period with maxima at the beginning of March and September, 
and minima at the beginning of June and December. Lord Ray¬ 
leigh’s observations made by coloured filters are in accordance with 
ours and complete them. These observations lasted some years, 
and they were made at three stations very distant from one another, 
in England, Australia and in the Cape. The periodical variations 
are parallel on each station in the three spectral regions which 
have been examined (blue, red, and A 6677). Furthermore, the 
half-yearly term follows the same law of variation at all of the 
three stations, whilst the yearly variation gives proof of seasonal 
influence ; this effect reverses itself with the seasons when passing 
from the northern to the southern hemisphere. 

The accidental changes show no correlation whatsoever between 
one station and the other. They are local phenomena. It is quite 
clear that luminescence depends at the same time on the excitation 
and on the physical properties of the excited layers (density and 
temperature). The irregular variations of luminescence arise from 
local meteorological conditions; perhaps the yearly effect is also 
connected with changes in the high atmosphere. But the half- 
yearly variation, like that which accompanies the solar cycle of 
eleven years, arises certainly from changes in the intensity, and 
perhapa in the nature also, of the solar excitation. 
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Maxima of the half-yearly term appear at times when the Earth 
has the greatest or the smallest heliographic latitude (March 6, and 
September 8), whilst minima occur when it passes through the 
plane of the solar equator. These observations favour the hypo¬ 
thesis of corpuscular excitation. The luminescence of the high 
atmosphere would be excited, at least partially and more or less 
directly by corpuscules issued from the zone of the sun-spots, the 
average latitude of which is ± 16°. The same periodical varia¬ 
tions are found in the brilliancy of the night sky, in the frequency 
of the aiu-orse observed at low latitude and in the ionisation of 
Appleton’s F layer near 200 km. 


Altitude of the Luminescent Layebs 
CH AND CN Bands 

From the beginning of our researches we noticed that emission 
of nitrogen and oxygen lines was more intense on the horizon than 
on the zenith. There is only one possible explanation ; the lumines¬ 
cence takes place in the high atmosphere, and the measmre of the 
relation between the intensity observed on the horizon and the 
intensity observed on the zenith may give an idea of the altitude 
of the luminescent layer. In this way we find altitudes over 100 km. 
But the hypothesis of a homogeneous, single and relatively thin 
layer, which is the basis of this calculation, does not permit us to 
place too much confidence in that result. On the other hand, 
certain presence of radiations very much absorbed by ozone, near 
A 3000, in the spectrum of the night sky, suggests inevitably the 
existence of luminescent layer at a much lower altitude. 

Comparing carefully two spectra obtained at the same time 
from the horizon and zenith, we observe a different distribution 
of the intensities on both, a proof that not all radiations are emitted 
from the same altitude. Vegard-Kaplan’s bands are weakened 
enough on the zenith to permit new bands to appear whose intensity 
has not sensibly diminished. For many years we had likened these 
bands to the characteristic radiations of the nuclei of comets the 
origin of which was yet unknown. The recent progress by Spring 
and Dufay in the analysis of light of the comets enabled us to 
identify them: they are bands emitted by the molecule CH. 
The probable presence of CH bands in the sky spectrum and the 
analogy of the latter with cometary spectra led us to search for 
other band systems associated with carbon. It seems that bands 
of the CN molecules are found among the night-sky radiatiosis 
whose intensity does not appear to increase from the zenith to 
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the horizon. These emissions thus occur at a very high altitude 
or even outside the terrestnal atmosphere. 

Conclusion 

It is interesting to consider what may be the origin and mech¬ 
anism of luminescence in high atmosphere. One hypothesis was 
proposed by Chapman in 1930. During the day, ultra-violet light 
from the sun dissociates the oxygen molecules, and luminescence 
of the high atmosphere might accompany their recombination 
during the night. Two normal oxygen atoms liberate an energy 
equivalent to 6-1 electron-volts when they recombine. For such 
recombination to occur, a third particle must absorb the energy 
released : a triple collision is necessary. If the third particle is 
an oxygen atom, it is carried to the level and is able to emit 
the green line, on falling back on level ^D. Thus, emission of line 
X 6677 accompanies the formation of an oxygen molecule and the 
excitation of an atom to the level *D. Some of these atoms will 
emit for their part red lines XX 6300-6364 ; others, meeting at the 
same time a normal oxygen atom and a nitrogen molecule, will 
liberate by recombining an energy of 7*1 volts, carrying the nitrogen 
molecule to the level A with vibration quantum number 2 or 3, 
from where it may return to the normal state with emission of 
Vegard-Kaplan bands. 

The difficulty of this theory is its need for triple collisions, 
rare phenomena in the quite rarefied atmosphere of the luminescent 
layers, moreover it ignores completely the role of free electrons in 
the atmosphere. It is known how easily they fix themselves on 
to oxygen atoms. A few minutes after sunset all free electrons 
would thus have formed 0" ions, if for some undetermined reason 
the electron does not separate from the atom. Martyn thought 
of the oollision of a neutral oxygen atom with an ionised O'. 
There might form a molecule Ot, the electron being projected with 
great velocity carrying off the disposable energy. This ingenious 
explanation has the merit of granting a role to electrons in night- 
sky luminescence. We think indeed that the electrons so ejected 
at great velocity would be able to excite oxygen atoms and we 
return to Chapman’s mechanism, but without the necessity for 
triple collisions. Thus it is easy to conceive that intensity of 
himinescence is connected with intensity of ionisation. 

Examination of night sky light has made important progress 
in recent years. I have tried to summarise it in a few pages. 
But there remain many questions to solve. The origin of certain 
intense radiations, e.g. the ultra-violet line X 3666, is still unknown. 
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Construction of spectrograplis of the same aperture as those we are 
using to-day, but with greater dispersion, would facilitate their 
identification. Laboratory researches, such as Kaplan’s about 
active nitrogen, will enable us to reconstitute, at least partially, 
the spectrum of the night-sky luminescence and perhaps to state 
more precisely the mechanism of emission. Finally, spectro-photo- 
metrical measures need to be multiplied. Up to now the use of 
coloured filters has been preferred to spectrographs. But the atmo¬ 
spheric luminescence gives a discontinuous spectrum ; one must 
profit by this fact to try and isolate it. We have shown that it 
is possible. 

It was with the spectrograph opened at F/O-7 that Dufay and 
I obtained the most important of our results. We want to 
express here our thanks to Mr. W. N. Cromwell, President of the 
Franco-American Committee of New York, to whose generosity we 
owe this apparatus which has so well fulfilled our expectations. 



THE CHEMICAL STUDY OF SILICEOUS 
INDUSTRIAL DUSTS 

By H. V. A. BRISCOE, A.R.C.S., D.Sc., F.I.C. 

Proftm$or of Inorganic CKumidry in the. VnivertUy of J/mdcm, Imperial CoUegtt of 
Hcknce and Technology 

SiLiOJBOUS dusts have long been known as a grave industrial hazard. 
Before our day their danger was clearly recognised in the popular 
mind by giving the disease they cause names like “ potters’ asthma,” 
“ miners* consumption ** or “ grinders* rot,*’ which forcefully express 
its dread character, and it was indeed known in ancient times as 
a characteristic disease of miners. 

With the steady improvement in factory conditions which has 
been brought about during the last few decades, the risk of silicosis 
in factory workers has greatly diminished even in such especially 
dangerous trades as the manufacture of pottery, partly because every 
dusty operation is nowadays performed under a strong draught which 
carries the dust away from the operative, and partly because, in 
some cases, dangerous siliceous materials, such as the dint dust used 
for packing china in the kUn and the sandstone of the grinders’ 
wheel, have been replaced by non-dangerous materials such as 
alumina dust and carborundum. 

There are, however, many trades, like that of the miner, the 
quarry man or the mason, where such precautionary measures are 
wholly or largely inapplicable, and so it is that silicosis continues 
to be a major problem of industrial hygiene. The example which 
is best known and has been most lavishly studied is that of silicosis 
in the Rand gold-miner, to which attention was imperatively 
directed by the discovery when the mines reopened after the War, 
that only a small proportion of the old miners were available, because 
their fellows had meanwhile died of miners’ phthisis. A very slight 
contact with potters or miners makes one see how their lives are 
still shadowed by the fear of disablement and death through the 
agency of their old enemy, dust. 

Here is reason enough why the scientist who likes to work for 
the good of mankind should seek for the cause and the remedy; 
but until about five years ago it did not look like a job for the 
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chemist. Medical men had studied the nature and the del^opment 
of silicosis, engineers and physicists had investigated the conoentra* 
tion and size of the air-borne particles in dangerous dusts, and all 
concerned were satisfied, as many still are, that the causative agent 
was free silica. The strength of this opinion is clearly shown by 
the fact that the whole of the legislation for prevention and com¬ 
pensation was based upon it; so that, for example, compensation 
was payable only where it could be proved that a man had worked 
with materiaJs containing not less than 50 per cent, of free silica. 

Yet there were well-known facts which should, in scientific 
minds, have thrown some doubt upon this hypothesis. Asbestosis, 
a disease closely akin to silicosis and differing from it in ways which 
may be largely explained by the fibrous form of asbestos, is caused 
by a material which contains no free silica. On the other hand cases 
were known, like the mines of Cripple Creek, Colorado, where miners 
working in rock rich in quartz seemed to run little, if any, risk of 
contracting silicosis. Nevertheless, those who were chiefly concerned 
continued to say that silica was the cause of a disease, silicosis, which 
they would diagnose only where there was a history of exposure to 
silica dust. 

The credit for breaking the vicious circle of this argument belongs 
entirely to a geologist. Dr. W. R. Jones, who, in a paper published 
in 1934, showed that certain South Wales anthracite miners whose 
lungs, on post-mortem examination, showed typical silicotic changes, 
had worked throughout their lives in rock and coal almost .free 
from uncombined silica. He showed also that in many cases the 
industrial working of materials like sandstone or Rand qusirtz, 
which consist almost entirely of free silica, produces dusts which 
consist largely of a fibrous mica, sericite, and thus differ entirely 
in their chemical nature from the parent rock as a whole. 

My natural interest in a colleague’s work led me to think seriously 
about this problem, and I saw that there might, after all, be some* 
thing here for a chemist to do. Evidently the old view that silicosis 
was due to mechanical damage by sharp particles settling in the 
lung was untenable: harmless alumina is as hard and ^curp as 
harmful quartz, and in any case particles so small that they take 
hours to settle out of a foot or so of still air must fall on the lung 
surface like feathers on a jelly. 

The very fact that there are safe dusts, like alumina or oarborun^ 
dum, to set in contrast with the dangerous dusts suggests very 
strongly that some chemical characteristic of the latter is implicated. 
Moreover, the development of fibrous tissue, so characteristic orf 
silicosis and asbestosis, occurs, for the most part, without direct 
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contact with the particles responsible for it, as these are enclosed 
in other tissues or coated with the characteristic covering of the 
asbestosis body. The action of the mineral is action at a distance, 
and it seems that it must be due either to radiation or to the chemical 
action of solutions produced from the mineral. In the absence of 
any evidence that dangerous dusts emit characteristic radiations, 
we are left only with the latter alternative. 

Because the medical man does not easily take the chemist’s 
viewpoint it is perhaps desirable to emphasise the simple logic of 
this argument. The physiologist and the pathologist see the very 
various and complex “ reactions ” of the organism to dusts and are 
inevitably apt to feel that a particle may do damage in equally 
various ill-defined ways. Yet, unless we are prepared to import 
considerations of mind or magic, it surely must be true that an effect, 
whatever it may be, of a particle on a cell separated from it (even 
by a thousandth of a millimetre) can only be attributed to the effect 
of soluble substances diffusing thence from the particle. 

Impelled by such considerations, my colleagues and I began the 
experimental study of dusts from the chemical standpoint.^ We 
had a dim idea, hardly more than a “ hunch,” that to produce their 
observed effects upon the organism dust solids must possess peculiar 
reactivity, but we really had no notion how great and remarkable 
that activity would prove to be. Luckily, however, we had the 
sense to see that if our search for new properties was to be effective, 
we must collect the dust in such a way that it was imaltered in the 
process. Our slogan must be : “ the dust as the worker breathes 
it.” We stipulated, therefore, that the dust must be secured without 
contamination, that it must not be wetted with water and that it 
must not be heated above about 100"^. 

One major difficulty in sampling industrial dusts is inherent in 
their very low concentration : many dangerous atmospheres such 
as those of flint-crushing plant, pottery workshops, metal mines and 
asbestos factories, fipequently contain only about 1 or 2 milligrams 
of dust per cubic metre. Even very dense dust clouds, like that in 
which a collier works at the coal face, contain only about 100-200 

^ This beginning was made possible by the award of the Pedler Fellowship 
by the Institute of Chemistry to Dr, Janet Matthews who was at first my 
only collaborator. Later the Institution of Mining and Metallurgy and the 
Medical Research Council assisted our researches by the provision of apparatus 
and materials, by enabling Dr. Matthews to carry on her work and by giving 
me also the collaboration of Dr. P. F. Holt, Dr. Phyllis M. Sanderson and 
Dr. N. Spoor. It is a pleasure to acknowledge the dependence of our work 
upon these grants and to express my own warm appreciation of the loyal and 
enthuaiastlo labour of my colleagues. 
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mgm. of solid per cubic metre, and in most parts even of a fairly 
dusty coal mine the dust concentration is between 6 and 20 mgm./m.*. 
For a complete micro-analysis in duplicate we like to have about 
60 mgm. of dust, and it is usually necessary to restrict the period 
of collection to about 2-3 hours ; so the collecting device must be 
such that in this time 40 or 60 cubic metres of air can be passed 
through it, under a suction which should preferably not exceed a 
few inches of mercury. Moreover, it is evidently desirable that a 
sample for analysis shall be a complete sample and it is therefore 
necessary that the efficiency of collection shall be nearly 100 per cent. 

A study of the known methods of dust sampling soon showed 
that none fulfilled our conditions even approximately, and disclosed 
the rather startling fact that no one had ever seriously attempted 
to obtain unaltered specimens of atmospheric dust solids. The first 
two years were, therefore, devoted largely to the development and 
testing of suitable methods for collecting dust samples. To recite 
this tale in detail would be tedious, but it may be useful to describe 
briefly the principal methods we now have available as a result of 
this work. These methods fall into three classes : 

(i) Volatile solid fillers, using a filter-bed of a crystalline solid 
such as naphthalene, acenaphthene or anthracene which can be sub¬ 
limed away from the collected dust at a relatively low temperature. 

(ii) Soluble solid filters, using a filter-bed of a crystalline solid 
soluble in a non-aqueous solvent {e.g. salicylic acid soluble in alcohol, 
or acenaphthene soluble in benzene), so that the collected dust can 
be recovered by centrifuging the solution of the filter, washing the 
residue with a volatile solvent (ether) and drying it at a low tempera¬ 
ture. 

(iii) The “ labyrinth,” a purely mechanical method of collection, 
using an assembly of flat baffle-plates on which a swift current of 
the dusty air deposits its solids by impingement, so that the dust 
may subsequently be scraped from the baffles. 

It may here be remarked that all these methods are fundament¬ 
ally the same in principle. The porous bed of crystals does not 
really act as a filter: its interstices are much too large to hold 
back the very minute solid particles it actually catches, and the 
b u lk of the dust accumulates in the filter-bed and not on its surface. 
Therefore we may conclude that the bed really acts as an assembly 
of minute Iab 3 rrinth 8 of irregular form, in which the deposition of 
dust occurs by the mechanism discussed later. 

The foregoing classification of methods corresponds quite , closely 
with the three main types of sampling which have so far bemr 
involved in our work, classified according to their purpose: 
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A. The collection of small samples, 0 02-“2 mgm., from 5 to 10 
litres of air, for the purpose of determining the mass concentration 
of dust solids. 

B. The collection of larger samples, 2(K1U0 mgm., from 10 to 
50 cubic metres of air for gravimetric analysis and approximate 
estimations of mass concentration. 

C. The collection of very large samples, 10-200 grams, for 
extensive investigations on the general chemical and physical 
properties of dust-solids, and especially their solubility in water and 
body fluids. The ordinary range of dust concentrations (1-100 
mgm./m.*) con'esponds with 1 gram in 1000- 10 m.*, so that collec¬ 
tion of samples of this magnitude may mean handling as much as 
200,000 m.* of air. 

Occasionally method (i) may serve purpose B, or method (ii) 
purpose A, and sometimes even method (iii) may give a measure 
of concentration ; but for the most part method (i) is used for 
purpose A, (ii) for B, and (iii) for C. 

To provide the necessary suction for collecting samples of types 
B and C is in itself no easy matter, as may be appreciated when we 
consider that to get a 50-mgm. sample we must often cause the 
whole air content of a London bus to pass in about 2 hours through 
a filter-bed which cannot conveniently be more than 7 or 8 cm. in 
diameter. Mechanical immps which can shift 10-20 cubic feet of 
free air y^t minute and produce the necessary suction of, say, 6 
inches of mercury are big machines, rarely found in factories and 
practically unknown in mines. On the other hand most factories 
have steam at 100 lb. pressure or more and many mines have 
supplies of air at 60 lb. pressure, and either steam or air will work 
an ejector, which, if properly designed, will both give the suction 
required and shift the necessary volume of air. As the ejector, 
though not particularly efficient, is thoroughly eflective and has the 
great merit of being simple, robust, cheap and easily portable, we 
have used it in most of our sampling campaigns. 

Having thus outlined the methods and apparatus employed, 
it may be of interest to give in more detail some typical examples 
of them. 

(i) A,—^As typical of this method we may consider the naphthalene 
filter. The purest naphthalene is redistilled slowly through a 
scrubber column to secure a distillate free from all trace of dust 
or other non-volatile impurity, and the solidified distillate is finely 
powdered. The powder is compressed to form a filter-pad in the 
holder shown in Fig. 1. The pad, 5 mm. in diameter and 4-5 mm, 
thick, is formed on a perforated brass disc, A, soldered to the inner 
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tube, B (which, being slit and sprung, is a tight sliding fit in the 
outer tube, C), pressure being applied to it by a smooth-ended 
plunger, D, whOe B is supported by a second plunger, E. When 
the filter has thus been prepared, it is rolled up in a square of cello¬ 
phane and the ends are twisted up : in this condition it will keep 
quite clean and ready for use for a week or two. On the job, the 
cellophane is removed by cutting through it with a sharp knife 
about the centre of the &ter, so that each end will slide off as a 
short cellophane tube which can be slipped on again when the 
sample has been collected. Suction is applied by a hand-pump, 
rather like a motor-tyre pump, the capacity of which per stroke is 
accurately known, or by means of an aspirator. 

In the laboratory, the inner tube is pushed out rightwards by 
the plunger E, and the naphthalene pellet is detached and put face 
downwards in a tiny shadow platinum dish which is then kept 
at 70° overnight on an electrically heated metal block. Next 
morning only the dust remains and its weight can be accurately 



Flo. 1.—Naphthaleno filter. 


assessed by reweighing the dish on the micro-balance. The volume 
of air drawn by the pump is known within :t ^3 poi* cent., and in 
most cases the whole error of the determination is only of this order. 
Moreover, small as these samples are—^usually 0-6-0-2 mgm.—we 
have found it possible to go further and make partial analyses with 
them, determining, for example, the ash in a coal dust within db 0*5 
per cent, or the silica in a rock dust within ± 1 per cent. This 
information is frequently very useful, because these samples can 
be quickly taken, in perhaps 2-3 minutes, and so may be used to 
follow changes in the concentration and character of a dust dond. 

A recent development of this technique has made it useful for 
the microscopic examination of dusts, to determine the minerds 
present or to asoertain the sice-distribution of the particles. In 
this case, still smaller samples are taken (100-600 c.c. of air), and 
the filter-pad is dissolved in benzene and the solution is centrifuged 
in a tube of special design so that the whole of the dust is collect^, 
quite evenly distributed, on a half-inch cover slip at the base of 
the tube. The cover slip is specially prepared so that the particles 
are fixed where they fall, and it rests on a loose base-block of iron 
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which can be lifted from the brass tube by means of a magnet. 
Otherwise, as reflection will show, it is very difficult to extract the 
cover slip without touching it or disturbing the deposit. The tube 
and its base-block are rhodium plated and highly polished so that 
they may easily be wiped perfectly free from dust. 

(ii) B.—In this case the typical ay)paratu8 is the salicylic acid 
filter. Some may be puzzled at the choice of this material for the 
bed, but it was a deliberate choice from more than a hundred 
possible materials, based largely upon the fact that commercial 
A.R. salicylic acid is very pure, reasonably cheap and, because of 
the fine acicular form of its crystals, is the best material we know 
to form an efficient filter-bed which will easily pass large volumes 
of air. This filter-bed is carried on an assembly of stainless steel 



0 5 10 cm 

Fio. 2.—Salicylic atnd filter. 

(ymiM. JwA, Min, 1038, XLVI, 270.) 


gauzes, A (one of 140 mesh between two of 20 mesh), held in an 
ebonite holder of the form shown in Fig. 2 and supported by the 
ebonite grid B, which screws into the cell C and clamps the gauze 
circles against the front flange. The whole cell then screws on to 
the funnel D so that it may be connected to suction. 

Unlike that formed from naphthalene, the salioylio acid fiilter- 
bed is an tmcompresaed mass of crystals. While under suction it is 
quite firm and resistant to shook {e.g. by blasting near by) but it 
cannot bear transport and so it is formed and removed on the job 
by the following simple device. The proper charge of orys^s 
(10 gm. to form a 4-mm. bed on a 7-om. diameter filter) is carried 
folded up in a square of cellophane. When the ejector and con¬ 
nections have been set up in place, the cellophane packet is unfolded 
in the hollow of the hand, the filter is inverted over the pile of acid 
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and then turned fac5e up, so that the acid, covered by the oellophanet 
can by suitable massage be distributed evenly on the gauze and 
smoothed over. Then the filter is fitted to the ejector inlet by 
means of a soft rubber sleeve, the cellophane is lifted off and the 
suction is turned on. So made, the filter will pass 20-30 m.* per 
hour, with a suction of 4-6 inches of mercury, but if it is compressed, 
as has happened by accidentally applying suction before the cello¬ 
phane was removed, its capacity is greatly reduced, perhaps to 
about 5 m.® per hour. At the end of the sampling period, the suction 
is cut off, a clean sheet of cellophane is laid across the filter, and by 
turning the filter over and tapping it the whole filter-bed with the 
collected dust is transferred to the cellophane and wrapped up in 
it for transport to the laboratory. There the filter-bed is dissolved 
up in about 50 c.c. of alcohol, the dust is centrifuged out of the 
solution and after washing once or twice with alcohol it is washed 
finally with ether and dried at 50°. 

Evidently the question of the efficiency of these filters is very 
important and it has been pretty thoroughly investigated. We 
have found by numerous experiments that a properly made bed of 
a crystalline solid like naphthalene or salicylic acid which is 4 mm. 
thick will collect 98-99 per cent, of the total solids in air passed 
through it. The most important evidence for this conclusion is 
that a second similar bed placed beyond the first in the same air 
stream collects a quantity of dust which is only about 1 per cent, or 
less of that collected on the first bed, but several other independent 
lines of enquiry confirm our belief in the high efficiency of such 
filters. 

(iii) C.—The labyrinth was devised to meet the need for much 
larger samples than could be secured with any filter of practicable 
size. A typical form, shown in Fig. 3, consists of 32 flat rectangular 
plates of polished copper, A, spaced apart by tubular copper distance 
pieces, B, and clamped up in a single assembly by brass bolts, C, with 
wing-nuts, D. This assembly fits closely in a long box of rectangular 
section made up from two strips of J-inch plate glass, E, exactly the 
same width as the baffle-plates, clamped between two rubber- 
lined wooden side-pieces, F, by means of four brass bolts and wing- 
nuts, G. 

The cross-section of the box is 6 inches by 4 inches, while the 
baflie-plates are 6 inches by 3j^ inches and set alternately to touch 
the top and bottom of the box : therefore a current of air drawn 
through the box has to pass alternately up and down between 
the baffles and through the 6 inch by } inch openings above and 
below them. Every time the air turns a comer, it does so on roller 
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bearings of its own making, on eddies in the comers, in which, by 
centrifugal action, the dust particles are thrown against the glass 
or the baf3e and there stick. 



PLAN 


Fio. 3.—^The rectangular labyrinth. 

(Tran*. InM, Min. AM., I©a8, XLVI, 271.) 

We have been so much occupied with getting dust samples and 
studying them that we have never had time to study the labyrinth 
properly, but we have incidentally learned some of its properties. 
As the description suggests, it is made so that it can easily be taken 
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tABYRINTH SECTION NUMBER 

Fto. 4.—Flint duat, Sampla A. Maw distribution in rectangular labyrinth. 
Calculated efficiency 93 per cent. 

{TrmM, Ind. Afie. JMH., 193S, XLVI, £75.) 
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apart and in such a way that the dust deposited in each section 
can be collected separately for weighing or examination. 

If we plot, as in Fig. 4, the weight of dust per section (here two 
plates and two spaces are counted as one section) we get a curve 
which is nearly logarithmic, and by comparing the area under the 
curve with that under its extrapolation to forty or fifty sections 
we can get a good idea of the efficiency of collection. The efficiency 
is surprisingly high : in the particular case illustrated it is about 
90 per cent, and with some dusts it has l)een over 95 ])er cent., 
though with others, for example asbestos or coal, it has been as 
low as 35 or 40 per cent. In any case, however, as has been shown 



Fia. 5.—Solubility of calcined flint duat taken from different gectiona of the labyrinth, 

(Flint Sample A.) 

{Tram. Imt. Min, Met., 1038, XXVI, 290.) 

repeatedly by comparison with complete samples collected on sali¬ 
cylic acid, the labyrinth samples are true samples and properly 
exhibit the typical composition and properties of the dust. 

As might perhaps be expected, the dust collected in the labyrinth 
is to some extent sorted according to size, and with the variation 
in size goes a corresponding variation in properties. This is well 
shown in Fig. 6, where the silica solubility of a calcined flint dust is 
plotted against its position in the labyrinth. The composition of 
the dry dust is the same at both ends, about 80 per cent. SiOg, but 
the size distribution (numerical percentages) varies between the 
limits shown below: 
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... 

Inlet end. 

15 per cent. 

18 per cent. 

65 per cent. 

Outlet end. 

0-6 


90 


As the numericjal percentage of particles under \fi (1/i = 0 001 mm.) 
increases from 65 to 90, the amount of silica which can be dissolved 
from the dust by water under fixed conditions increases nearly three 
times in value. 

It seems, on the other hand, rather surprising that the efficiency 
of the labyrinth increases rapidly with increasing velocity of air 
flow, though this is readily intelligible if the deposition occurs 
centrifugally in eddies as outlined above. Another curious property 
of the labyrinth, which has not really been explored at all, is its 
ability to discriminate between different types of suspended matter 
in air. When it was fed with mine air carrying granite dust and 
also a mist of oil and water produced by the drilling we found that 
oil and water collected with the dust on the first few plates, while 
the later sections of the labyrinth collected dry dust. This affords 
the first proof, so far as we know, that it is possible to have dry dust, 
and a good deal of it, floating independently in an atmosphere which 
is fully saturated with water vapour and contains also liquid water 
and oil. 

The great practical merit of the labyrinth is that it may be left 
to run unattended for days or even weeks on end. Whenever 
suction comes on, for example on starting up the ventilating system 
to which it may be attached in a factory or the compressed air supply 
feeding its ejector in a mine, the labyrinth functions; and the 
sample, once deposited, is safe in its depths from any interference or 
contamination. To collect the sample shown in Fig. 4, about 
130 grams in all, occupied about 600 working hours, but the time 
we had to attend on the plant to set the labyrinth up and remove 
it was only about 6 hours. To collect the same size of sample on 
salicylic acid filters would have required our whole time work, on 
the plant and in the laboratory, for about 60 days, so it is easy to 
see why we have a warm regard for the labyrinth. 

Our insistence on seeming the dust “ as the worker breathes it ” 
has been completely justified by the results we have secured by 
applying these methods to industrial dusts. The first samples taken 
by the new methods were of dusts produced in a Cornish mine by 
wet-drilling and blasting in granite. On beginning their analysis 
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we immediately found that the loss on ignition, determined on the 
sample dried at 105°, was about 10 per cent,, whereas the correspond¬ 
ing figure for granite powdered in the ordinary way in the laboratory 
was only 0-5 per cent. Further work confirmed this incredible 
figure and indeed showed that, for the finer portions of the dust, 
the content of combined water might reach 15 or 20 per cent. 
Moreover, this hydration, which occurs instantaneously in the dry 
dust particle, renders a substantial fraction of the total silica and 
alkali in the dust immediately soluble in water. This remarkable 
reactivity of the freshly fractured mineral has been observed also 
in other cases. Newly calcined flint, when crushed, yields a dust 
having a loss on ignition which may reach 8 per cent, or 9 per cent., 
and the same is true of other fine dusts such as those of felspar, mica, 
or asbestos, even when these are produced as air-borne dusts in the 
relatively dry atmosphere of the laboratory. 

Perhaps we ought not to have felt surprise, as we did, at these 
results. Every chemist is familiar with the fact that clean surfaces 
adsorb water vapour, and though with massive material this effect 
is negligibly small it may, evidently, become quantitatively import¬ 
ant for minute particles having a surface area which is relatively 
enormous in relation to their mass. It was, perhaps, less easy to 
anticipate that such adsorption would produce correspondingly 
large chemical changes in the dust, yet this too is readily intelligible 
if we sui^pose, as seems reasonable, that the raw edges of the atomic 
lattice exposed by the fracture of the crystal ore rather like tcee 
radicals in character and as avid for union with anything that 
hai)pens to be available. Usually, of course, the most reactive 
material available is water vapour, and so we commonly find that 
industrial dusts are extensively hydrated. But much less reactive 
substances may be similarly held by the dust. If, for example, 
felspar be finely ground under benzene and then dried at 105°, the 
resulting dust is inert to water, but will yield soluble alkali in some 
quantity on extraction with 90 per cent, alcohol. Evidently, the 
mineral is protected against water by a firmly held film of adc^rbed 
benzene and can only be attacked by water when this is present in 
a solvent which can remove the benzene. 

The most important effect of the hydration of dusts is to confer 
upon them the remarkably enhanced solubility in water to which 
reference has already been made. When we began a detailed study 
of this property, using the large samples collected by means of the 
labyrinth, we soon found that the solubility of mineral dusts is an 
extraordinarily complex phenomenon. Here again, of course, a 
special technique is required which we must dismiss with a mere 
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mention : it involves vessels of nickel, platinum or wax-lined glass, 
special methods of agitation, centrifugal clarification of the solution, 
micro-titrations, and the determination of silica and other solutes 
by photoelectric colorimetric methods. 

Whereas an ordinary crystalline solid has an easUy attained 
maximum solubility in water which is dependent only on tempera¬ 
ture, we find that in the crazy realm of mineral aerosols a definite 
solubility in this sense is unknown. The mineral is chemically 
changed by water and its several hydrated constituents are differ¬ 
entially leached out so that a felspar dust, for example, loses soluble 
silica and caustic alkali in amounts which are unrelated to each 
other or to the stoichiometric proportions present in the crystal 
and vary independently as leaching progresses with time. There 
is, of course, the other aspect of this matter, the changing com¬ 
position of the solid, with which our friends the mineralogists arc 
especially concerned. This change results, as it inevitably must, 
in the transformation of the original mineral into other species of 
lesser solubility. We glimpse here the reason why it is very difficult 
to derive much useful information as to the cause of silicosis from 
the study of the residual minerals in the lung. 

The “ solubility ” for any one constituent, say, silica, from a 
given pure mineral dust is a function of the several factors enumer¬ 
ated below: 

Temperature has a large effect: usually the extent of solution 
in 3 weeks at 20° C. is roughly equalled by that in 3 hours at 100°. 

Time also has a marked effect especially at the lower tempera¬ 
tures and in the earlier stages of solution. With quartz at 20°, 
the solubility in 60 days is about three times that attained in 3 days. 

Solid: Solvent Ratio is always important, and has an effect 
which is widely different for different minerals. With some, the 
silica solubility increases to a maximum (in unit time) at a solid ; 
solvent ratio of 2 : 100; with others, notably quartz, the solubility 
continues to increase up to and beyond a ratio of 20: 100. 

Particle Size affects solubility in a manner which is sufficiently 
illustrated by the data already given for calcined flint dust. 

The effect of each of these factors has been investigated in turn in 
the usual way by arbitrarily fixing the values for the other variables. 
In order to get comparable figures for a range of dusts it is necessary, 
of course, to standardise all the variables as far as possible. Particle 
size cannot be accurately controlled, but it can be determined in 
each case, and for the re^ we use two sets of standard conditions : 

(a) 3 hours at 100° with solid: solvent ratio 1 : 100. 

(fc) 3 weeks at 20° with solid: solvent ratio 1 : 100. 
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But there are other complications, too. In some oases where 
lime is a constituent of the mineral, the silica solubility is greatly 
affected by the presence of carbon dioxide in the solvent, even in 
the very small concentration represented by equilibrium with 
ordinary air. We have also found that admixtiues which one would 
expect to be inert, such as certain metallic dusts, and some forms 
of carbon, can greatly reduce the silica solubility of a dust. Traces 
of potash or soda, whether caustic or carbonated, will largely increase 
silica solubility, and the same is true of small amounts of lime, but 
larger proportions of lime will reduce the silica solubility to nil. 

Then again, the solubility may be localised in certain directions. 
An asbestos fibre is insoluble on its long sides but easily soluble 
at the broken ends, so that if it be allowed to fall on a neutral jelly 
containing phenolphthalein, red stains appear at each end of the 
crystal owing to the local high concentration of the alkali there 
liberated. That this is cavstic alkali can be proved by laying a 
crystal, in the dark, on an exposed photographic plate which has 
been soaked in a developer minus alkali (hydroquinone and sodium 
sulphite) when black spots develop around the ends of the fibre 
or at any point of fracture in its length, where the liberated caustic 
alkali renders the developer active. When one considers the char¬ 
acteristic “ dumb-bell ” form of the “ asbestosis body ” formed by 
the fibre in the lung, it does seem extremely probable that the 
pathogenic reaction of asbestos is intimately connected with its 
localised solubility. 

With ordinary industrial dusts matters are still further com¬ 
plicated by the fact that a number of minerals are usually present. 
In a sample of anthracite coal dust we recently collected, some 
twenty minerals could be identified with certainty under the petro¬ 
logical microscope.* 

This being so, it is not, perhaps, a matter for surprise or dis¬ 
appointment that the connection between dust solubility and 
silicosis remains as yet obscure. The very knowledge, however, 
that the chemical properties of dusts are as complex and variable 
as we now see them to be affords a valuable correlation with the 
long known complexity and variability of the phenomena of silicosis. 
We know already that it is possible in various ways to minimise 
the silica solubility of an active dust. We, ourselves, found in our 
earlier experiments that caustic lime or cement dust added to an 
active dust might reduce its silica solubility almost to nil, and that 
a similar effect was produced by some forms of carbon though not 

^ We are indebted for this identification to our oolloagues Dr. Brammall 
and Mr. Leech, of the Dq)artment of Geology. 
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by others. Recently Denny, a Canadian metallurgist, and his 
collaborators,^ have shown that finely divided metallic aluminium 
will reduce the silica solubility of quartz, and have also secured 
evidence tending to show that admixture of aluminium powder 
with the dust of this quartz will prevent its producing silicosis in 
rabbits. 

Here, for the moment, the story ends, but we feel that there is 
good reason to hojje that if the chemical attack be pressed, in col¬ 
laboration with the physiologist, it should be possible to ascertain 
precisely which of the numerous properties of siliceous dusts are 
really responsible for their damaging effects. It may yet be found 
that something other than silica is the active agent. Once we have 
this knowledge in our grasp it may well be but a short step to devise 
practicable means to inliibit the effects of dangerous dusts and 
so to save much human suffering. 

* Donny, Hobson and Irwin, Canadian Medical Aaaociation Journal, 1937, 
37, 1. 



THE PRESENT LANDSCAPE OF NORTHERN 
LABRADOR IN RELATION TO ITS 
GEOLOGICAL HISTORY* 

By N. E. ODELL, A.R.S.M. 

FeUow Comnwneft Clare CoUege, Cainftridge: Lecturer in (Geography, Cambridge VnivereUy 

In this article it is proposed to give a summarised account of the 
geological facts and later erosional processes to which the scenery 
and to|X)graphical features of the northern parts of Labrador are 
due. It was my good fortune to accompany as geologist the Grenfell- 
Forbes Northern Labrador Expedition of 1931, and I have already 
presented some of the observations made and the conclusions arrived 
at in a paper given to the Royal Geographical Society in the 
following year.® 

During the course of the Brown^Harvard Exi>edition of 1900, 
Professor R. A. Daly was able to make the first observations on 
the geology of the north-east coast, and these he has admirably 
described in a chapter of Sir Wilfred Grenfell’s book Labrador : 
the Country and the People, and elsewhere in greater detail.* In 
1915 and 1916 on behalf of the Geological Survey of Canada, 
Professor A. P. Coleman extended some of Daly’s observations.* 

The greater jjart of the Peninsula of Labrador is a rolling plateau 
1600 to 1800 feet in elevation which has a slight tilt towards the 
north-west, as was shown long ago by A. P. Low, of the Canadian 
Geological Survey.® As elsewhere on the great Canadian ‘‘ Shield, 

* I am indebted to my friend. Dr. Alexander Forbes, of Harvard Medical 
School, and the American Geographical Society, for {)ermis8ion to reproduce 
in part my contrib\ition to his book Northernmost Labrador Mapped from the 
Air, American Geographical Society, 1938. 

* N. E. Odell, “ The Moimtains of Northern Labrador,” Oeogr, Joum.^ 
82, 3 and 4, 1933. 

* Reginald A. Daly, ” The Geology of the North-East Coast of l^abrador,” 
BuU. Mus. Comp. ZooL, Harvard, XXXVIII, Geol. Ser., 5, No. 6, 1902. 

* A. P. Coleman, ” North-Eastern Part of Labrador and New Quebec,” 
Oeol, Surv, Can., Memoir 124, 1921. 

* A. P. Low, R/©port on Explorations in I#abrador Peninsula, Oeol. Surv* 
Canada, 8 , L, 1896. 
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of which Labrador forms part, there are innumerable lakes scattered 
over the surface, and many rivers make their way outwards by 
irregular channels from the low and almost indefinable “ height of 
land,** or watershed.^ In contrast to the vast interior, the north¬ 
east coast of Labrador, north of latitude 56|®, is dominated by 
mountain ranges. These ranges fall into three main groups : the 
Kiglapait Mountains, signifying in Eskimo “ sierra ** or “ saw-tooth ” 
mountains, the most southerly range ; the Kaumajet Mountains, 
or “ shining-top *’ range, situated 60 miles farther north in the 
vicinity of Cape Mugford ; and the Tomgat Mountains, implying 
“ home of the spirits,” that stretch from Saglek Bay for 140 miles 
northward to the island of Killinek, which caps the peninsula at 
the entrance to Hudson Straits. Of the three groups the Tomgats 
are the most important and extensive. 

It is a matter of considerable geographical interest, as well as 
geological significance, that out of the many thousands of square 
miles of the ancient rocks of the Canadian “ Shield,” we find here 
on the far-flung extremity of north-east Labrador, and only here, 
a mountain-country of such pronounced relief. Whatever in the 
way of mountain chains may have traversed parts of Ontario and 
Quebec in the remote past (and there is ample evidence to show 
that they did), it is onlj^ on this extreme north-eastern rim of the 
Shield ** facing the Atlantic that bold ranges worthy of the name 
are at present to be found. 

Gbnkuajl Geology of the Tokngat Mountains 

As just cited, the rocks of this region form a part of the great 
Pre-Cambrian Shield of Canada. That is to say, they are composed 
of ancient crystalline types, gneisses, granulites, and schists mostly 
of various kinds. Resting on these between Saglek and Nachvak 
Fjords is a younger sedimentary series of slates and quartzites, 
etc., named by Daly the “ Bamah Series,’* which may correspond 
with Huronian, or Keweenawan, the uppermost series in the 
Canadian Succession of pre-Cambrian rocks. Precisely how much, 
and what, of the Basement Series can be said to be co eval with the 
Archean rocks of Canada is a debatable point, but Coleman con¬ 
sidered it probable that Laurentian, Grenville, and Keewatin were 
represented. It must be realised that all these formations are 
entirely without fossil-content, which thereby renders questions 
of absolute age very difficult of determination. Not only granite- 

^ Since 1926 the northward trending watershed has formed the political 
boundary between the Province of Quebec and Labrador proper, which is 
under Newfoundland jurisdiction. 
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gneiss, but gneisses and granulites rich in red garnet and black 
pyroxene, are widespread and these are often injected by light' 
coloured aplite and pegmatite dykes and sills, and in places contain 
lenses of black amphibolite. Here and there all formations are 
cut by great dykes of pyroxenite and dolerite, and ‘ ‘ swarms ’ ’ of these 
in places give a remarkable appearance to the coast-line. Also 
occurring is a rock so rich in hypersthene as to form the quite 
uncommon t 3 q)e hypersthenite. Moreover, its rather rare related 
t 3 rpe chamockite as well as anorthosite, were found in the almost 
unknown dyke-form, and by their superior resistance to the effects 
of atmospheric weathering forming upstanding peaks or pinnacles 
on the summit-ridge of the range. These same rocks respectively 
occur in their more usual massive form in Mount Razorback and 
in the Kiglapait Group to the south. Further, kyanite-bearing rocks 
as well as the uncommon pseudotachylyte are to be found, indicating 
the especially high crustal stresses to which this region has been 
subjected ; and sUlimanite schist occurs in the far north. 

The Katjmajbt Mountains 

Geologically distinct from the other ranges of Northern Labrador, 
this group is composed of a great mass of volcanic rooks, basic 
lavas and ashes, etc., which were laid down on the older land- 
surface of gneisses and schists. The attitude of the group is nearly 
horizontal, and their age is in doubt, but may be related to the 
Ramah Series. 


The Kiglapait Mountains 

Visitors to the coast have long been told of the beautiful iride¬ 
scent rock, labradorite, to be found in the district round Nain. 
This and its parent rock anorthosite, with gabbro and norite, form 
the striking massif of the Kiglapaits, the fine serrated range rising 
100 miles southward of the Torngat Mountains. In its massive 
form the origin and history of anorthosite are one of the outstanding 
problems of geology. Sufiicient in general, however, is known for 
it to be regarded as an intrusive rock of unusual type. 

Steuotubb and Moepholooy op the Toenoat Region 
As Daly himself has rightly declared, “ the essence of a mountain 
mass is not form or height, but structure; its component rooks 
have been deformed, thrown out of their original levels, by tilting 
or folding. Initially the strata lay flat.” * Such is undoubtedly 
the case in northern Labrador. The gneisses, schists, granulites, 
and other metamorphio rooks of the country, were of course origin- 
^ Out Mobile Earth, p. 261* 
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Northernmost Labrador 
(rivers, etc,, only approximate) 


ally stratified rooks, intrut at a later period by various igneous 
types. The whole mass was afterwards subjected to great crustal 
stress and horizontal oompression along lines oriented between 
north and south and north-west and south-east in the coastal belt. 
The rocks were thrown into folds, were upended, fractured, and 
faulted, and with continued oompression and concomitant constitu¬ 
tional change they acquired the banded ** or layered condition 
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that is a mark of nearly all metamorphio rooks. This banded 
character of the gneisses and schists which must be distinguished 
from any layering due to original stratification or to “ primary 
banding,” is a token of the actuid lines of pressure and the trend 
of the innate folds of the ancient mountains. Of the magnitude 
(amplitude) and full extent of the latter we know little, but there 
is evidence all along the coast, that not northern Labrador alone, 
but the southern parts also of the country were involved. But it 
is clear that early in the geological record, and prior even to the 
laying down of the Ramah Series, the whole of this mountain- 
country had been worn down almost to a plain. The south has 
remained so, a “ peneplain,” and it is important to appreciate that 
in the present mountains of northern Labrador we find not the 
original folds of formation, but merely the roots of those folds, 
the greater part of the latter having in the long ages since been 
lost by the processes of denudation. 

If then it is only the truncated roots of the ancient mountains 
that are to bo found all along the Labrador Coast, whether in the 
far north or in the south, to what are we to ascribe the superior 
elevation and boldness of the Tomgat region as we now see it t 
Geomorphological evidence suggests that in geological times long 
subsequent to that of the original crumpling and crushing, namely 
in the Pliocene Period or somewhat earlier in all probability, there 
was vertical uplift of the region to an elevation far in excess, most 
likely, of the present mountains.^ But during and since the uplift 
there have been atmospheric agencies operative to dissect by stream 
and river this elevated tract of country, apart from the action of 
ice during the glacial epoch, shortly to be referred to. It was, then, 
this elevation of the country at a later stage in its history, rather 
than the original folding of the rooks, that has given such eminence 
to the Tomgat region. The strike and general trend of the uplifted 
remnants of these folds gives us an indication of the ancient mountain 
chain, which must have extended throughout northern and southern 
Labrador and to have coincided approximately with the present 
coast-line ; but it is only in the northern coimtry now under con¬ 
sideration that we have evidence of one epoch of mountain-building 
by re-elevation having been superimpos^, as it were, on another, 
and tending thereby to reinforce the earlier. It would appear that 
we have in this region of north-east Labrador a very special area of 
instability manifesting itself in later geological time. Although the 
vast areas of the Canadian Shield covering the interior, in Quebec, 

* H. C. Cooke, ” Studies of the Physiography of the Canadian ShiekI,” 
Trans. Roy. 8oc. Canada, XXUl-XXV, See. 4, 1929-31. 



THE LANDSCAPE OF NOBTHEKN LABBADOR 467 

Ontario, and Manitoba, especially, have been subjected to some 
movement, mostly that of depression following earlier elevation, 
they seem to have remained relatively stable during a long period 
of pre-Glacial time. The north-east coast, on the other hand, has 
been relatively up-warped, so that the Torngat region facing the 
Atlantic has performed a special function in relation to the rest of 
the Canadian Shield, and in consequence has established for itself 
an individual physiographic history.^ 

The Evolution of the Present Relief of the Torngat Region 

Let us now briefly consider the probable course of events in the 
sculpturing of this northern area, and the establishment of its river- 
courses and fjords. 

One important fact that the work of the aerial survey and the 
ground-observations ascertained is that several of the rivers of the 
Torngat region have their sources in the interior to the westward 
of the mountains, so that the water-divide, or “ height of land,” 
is not along the crest of the chief chain. These rivers rise on the 
western flanks of the Interior Range, and flowing eastward rather 
surprisingly cut right through the line of highest peaks of that 
range to reach the heads of the larger fjords. Part of their courses, 
deeply inset in the mountains, form veritable trenches which are 
occupied by lakes. Such are Nachvak Lake and Komaktorvik 
Lake and others to the northward. It should also be noted that, 
the fjords themselves occupy a like relationship to the coastal 
mountains, running athwart them to the oj)en coast-line or to small 
archipelagos of islands. It can also be seen from the map that 
many of the rivers have a dominant and parallel direction, and a 
tendency in part of their courses to take more or less right-angular 
bends, forming in general an almost rectangular valley-pattern. 
This would suggest that their directions have been largely governed 
or controlled, by the ruling structure of the country, one direction, 
nearly N.N.W.^.S.E., conforming to the prevalent foliation and 
cleavage of the rocks already referred to, and the other at right 
angles being determined by cross-joints or faults. 

Now the phenomenon of rivers flowing ” inconsequently,” or 
‘‘ non-consequently,” * across mountain ranges has been observed 

^ It is here stated that the Torngat region has been relatively upwarped 
with respect to the interior of Labrador. Actually it may bo that the latter 
has been (townwarped, leaving the eastern rim of the ancient plateau 

upstanding or emphasised in the Torngat area. 

• Owing to the existence of W. M. Davis's term “ inconsequent for 
streams of a speoiflo type, it may be preferable to introduce the word 
** non-oonsequent" for drainage that is not ** consequent." 
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in other parts of the world, and it is usually explained, in a case like 
that of Northern Labrador, as being due to the river-courses having 
been established on the older land surface prior to the existence 
of the hills through which they now out their way : that when the 
hills began to be formed these “ antecedent ” rivers were able by 
their own powers of erosion, and on account of the slowness of 
elevation, to maintain their courses against the uplift of the region. 
Such a thesis might be applicable to the area under review, and 
antecedent rivers most probably in fact once occurred there, since, 
as mentioned above, there is evidence of a geologically late (probably 
Pliocene) upwaiping of the region : however, another and important 
consideration must be taken into account. From the scattered 
observations so far made throughout the whole area of Labrador 
and elsewhere, H. C. Cooke has shown that the land surface of the 
peninsula probably stood from 300 to 700 feet higher before the 
Pleistocene Epoch than the present surface does. If this were the 
case with the interior of the country we can well understand that 
the direction of drainage there may have been very different from 
the present, and indeed such outlying districts as that of the Tom- 
gats may have been considerably affected. But the uplift of the 
hinterland postulated can scarcely have been sufficient to produce the 
channels of the “ non-consequent ” rivers that penetrate the elevated 
tract now occupied by the Torngat Mountains. We have to take 
into consideration another factor in its history, namely that of the 
Pleistocene Ice Age, and the notable if not profound morphological 
effects which it and the subsequent Late-Glacial and Post-Glacial 
Sub-Epochs have left upon the surface, a matter that will now be 
discussed. 

The Onset op the Gkeat Ice Age, and its Effects 

Whatever may have been the cause of this great event in later 
geological history, and there are reasons for supposing that it was 
brought about by a world-wide lowering of temperature, the 
evidences of the Glacial Epoch in Labrador are ubiquitous up and 
down the coast, as well as in the interior. As is the case in eastern 
Canada and in New England, great areas of bare polished rook- 
surface, scratched and fun-owed, give eloquent testimony to the 
former presence and passage of a great regional ice-sheet. Par¬ 
ticularly in southern Labrador and in the whole region south of 
Cape Mugford is this scoured and apparently planed-down character 
of the surface in evidence. In the Kaumajet Mountains, however, 
and northwards within the Tomgats there is much superficially to 
suggest that the continental ice-sheet never entirely covered the 
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country ; it has been claimed that those mountains always rose as 
“ nunataks ” above the surrounding ice-sheets, and that contempor¬ 
aneous mountain-glaciation gave rise to valley-glaciers that wound 
their way from their high local gathering-grounds to the sea. The 
evidence that previous observers * have adduced in support of this 
thesis is the jagged and broken character of mountain ridges, which 
in many cases rise above the smoothly moulded lower slopes, 
demonstrating, it is claimed, that the serrated crests surmounted 
the level of the former ice-flood and thereby escaped planation or 
{)olish. Moreover, since the higher rounded summits are in many 
coses found to be covered with a considerable thickness of rock 
debris, it has been thought, by these observers, that they too are 
indicative of having been subjected to a longer period of atmo¬ 
spheric weathering than could be accounted for since the lapse of 
the Glacial Epoch alone. 

From experience in the Arctic elsewhere, however, the writer 
has found that the latter consideration depends very much on local 
circumstances. High terrain in proximity to the sea with ample 
moisture-laden winds in a region of intense frost-action has been 
observed in the mountains of Spitsbergen and East Greenland to 
produce thick coverings of frost-riven stony soil, entirely since the 
recent disappearance of the continental ice-sheets that have been 
withdrawn into the interior. Moreover, the sharp jagged peaks 
often to be found in the coastal belts of these regions can be most 
plausibly explained, in the writer’s opinion, by this same intense 
frost-aotion that has operated upon them for a longer period since 
their emergence from ice-covering than upon the higher, still partly 
n4v4-mantled, tableland of the interior. In Northern Labrador 
the writer found actual evidence of ice-polished rooks, at about 
4,700 feet on one summit of the Interior Range. Other similar 
polished surfaces, also, at 3,000 feet and over were encountered, 
which could not be considered as due to the agency of merely local 
mountain glaciers, but only to glaciation of a larger kind. 

It is known that during the Pleistocene Glacial Epoch, of which 
at least four and possibly five principal ice-advances can by their 
“ drifts ” be demonstrated in central North America, the radiation 
area or centre of dispersion of the ice, as far as extreme North America 
is concerned, was in the central interior parts of Labrador, having 
apparently shifted progressively northward in the course of its 
existence from about latitude 51° to 67°. While present investiga¬ 
tion has revealed no definite evidence of more than one glaciation 
in Northern Labrador, yet it seems to be quite clear that during 
^ Coleman {op. oU., p. SS) in particular. 
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the greatest advance of the ice from the Labradorean centre the 
Torngat and the Kaumajet mountain ranges were both entirely 
submerged (see Section I). As for the Kiglapaits, the work of 
E. P. Wheeler, of Cornell University, has gone far to show that they 
also were completely inundated by the continental ice-sheet.^ 


w. 

I Glacial Stafi (at Maximum) . 


Continental 


Sheet 



IL Late-Glacial Stare. 
Continental Intenion ^ . 

Glacier 


2000 

SeaUiftI 




fountain 

with 

Glacial 

Cwm 


Coastal 
mountains 
(matniy scuiftUtrtd 
Since emerynce) 


Atlantic 

Ocean 



Diagrammatic section through Northern Labrador during the Glacial and Late 

Glacial Stages. 

(AsRunied wirre*]ending i»<M‘t4ou through country : ea. 25 mile*. Vertical wale greetiy exeggereted.) 


Now it is a debatable point whether this ioo-sheet, in moving 
seaward from central Labrador over the Tomgats and other ranges, 
deeply eroded or greatly modified the whole of the old pre-Glaoial 
elevated land-surface to which reference has earlier been made. 
At any rate the major modification and setdpturing of the landscape 
would appear to have come afterwards, in “ Late-Glacial ” as wdil 
as “ Post-Glacial ” times. In the opinion of the writer, however, 
it is probable that these ranges were not very deeply submerged 
by the ice-sheet from the interior. 

The Late-Giacial and Post-Glacial Stages. (See Section II.) 

Although the actual depth of ice covering the region may be 
in doubt, it would seem that on its gradual retreat into the interior 
it left great valley-glaciers that wound their way eastwards ficom 
the ice-cap through devious channels to the sea. At first only the 
, higher coastal mountains would emerge above the mer-de-^aoe, 
and then as more and more became uncovered, so ever increasing 
restriction and confinement of the ice-flood amongst the mountains 
would result. The great “through” valleys, with all the usual 
characters of glacial erosion, which open from the interior athwart 

* Personal conununioation. See also E. P. Wheeler, “ The Nain-Okak 
Section of Labrador,” Oeogr. Rev., 25, 193S. 
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the Interior Range, must have derived their formation from the 
time when the continental ice-margin stood just westward of that 
Range. This may be called the Late-Glacial Stage or Sub-Epoch, 
when so many of the immense transverse trenches were moulded 
and which now contain long deep lakes. There is little doubt, too, 
that at this stage much of the sculpturing of the fjords themselves 
was carried out by the strong and well-armed streams of ice passing 
seaward through them. And while these trench-like features were 
suffering active erosion by moving glaciers from the immense 
reservoir of the interior, we must picture the vast upland and flatter 
areas to have been meanwhile relatively protected by the immobile 
n6v6 sheets resting upon them. Such a stage in the cycle of 
glacierisation Ms to be found in significant degree at the present 
day in the mountains of north-east Greenland, where the writer 
has described a similar process for the carving out of the great 
trunk valleys and fjords while the uplands are relatively protected.* 

As that portion of the ice which was engulfed in the mountains 
progressively diminished, more and more summits would begin to 
raise their heads above it to become islands, or “ nunataks,” in 
the mer-de-glace. And then would commence the process of frost- 
action and fretting of the exposed summits from the more rounded 
forms to the sharper crests and peaks. The so-called Cycle of 
Mountain Glaciation has commenced. This frost-splitting process, 
which indeed has continued into the Post-Glacial Sub-Epoch of 
the present day, has been resix^nsible for some of the most important 
morphological effects that are to be found throughout these northern 
mountains. Let us briefly consider the succession of events inherent 
in this process, and endeavour shortly to trace the effects of it upon 
the area as the degree of glacierisation waned. 

It was found that most of the summits of the Interior Range 
of the Torngats in particular were rounded, or even of contour. 
Innumerable examples are nearly flat-topped or but slightly inclined 
at their crests. Their flanks are, however, hollowed and scalloped. 
Now it may be said in general that hollows or cwms that were 
formed by stream-action, must have been left upon the flanks of 
hills prior to glacierisation of the region. These then would become 
occupied by snow and later glaciers, as glacial conditions increased, 
and the cwms and cirques become correspondingly emphasised. 

* ** Qlaoieriaation ** unplies the inundation of land by ice ; while glacia¬ 
tion *’ refers to the erosive effect of ice upon the land over which it flows 
(Wright and Priestley, Glaciology, p. 134). 

• N. E. Odell, “ The Glaciers and Morphology of the Franz Josef Fjord 
Region of North-East Greenland,** Geogr. Joum., 90, 2 and 3, 1937. 
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Moreover, it has been found both in Greenland ^ and Antarctica 
and elsewhere that such cwms and cirques * may survive through 
conditions of complete inundation by a regional ice-sheet, the latter 
having had insufficient erosive powers to destroy them. An inter¬ 
esting and significant feature, also, which is evident in many of the 
aerial photographs, is tlie almost ruling situation of cwms on the 
eastern flanks of the mountains of the interior, especially of the 
Interior Range. Many of these hills have smooth rounded contours 
on all other sides, but on the east are abruptly broken by often 
deeply scallo])ed cwms, which sometimes contain small glaciers. 
As opposed to the view that these hills represent the extreme 
‘‘ moutonnee ” form of erosion beneath a great ice-sheet, it would 
appear that many if not all of them have acquired their broken or 
scalloped eastern sides by the erosive action of small glaciers and 
n6v6 masses that tend to linger longest on this colder and more 
sheltered aspect, after all snow and ice has vanished from the 
exposed quarters. Such a view, then, dates these widespread 
features from a time when the great majority of the summits had 
already emerged and reared their heads well above the lingering 
ice-flood. The sculpturing of the cwms has been in progress right 
down to the present day, for we still see small relict glaciers, armed 
with rock-material from the surrounding cliffs, continuing the 
process in them, though evidently with much-reduced vigour owing 
to the glaciers being in a waning condition. 

Now in the Coastal Mountains are situated the most jagged 
and serrated crests, of which Mount Razorback (Plate 1), “The 
Four Peaks,” etc., are excellent examples. In contrast to the 
summits nearer to, and still partly encumbered with, the continental 
ice-sheet, tlicse coastal peaks would for a longer period have raised 
their heads above the ice, as well as any local protective snow 
covering, and thus become exposed to the intense action of frost 
and atmosphere, which oi)erates with such powerful effects in 
these frigid yet amply humid regions. 

With the recession of the continental ice-sheet away from the 
western flanks of the Interior Range into the interior, the Post- 
Glacial Stage can be said to have been inaugurated. Then would 

^ ^ Examples wore found by the writer along the border of the Inland loe 

• in the mountains of North-East Greenland (v. N. E. Odell, op. oU., p. 260). 

* ‘ To avoid confusion and misunderstanding it would seem advisable 
to the writer to restrict the word cwm (Welsh), or oorrie (Soottish), to the 
individual high mountain vaUey ... and apply the term cirque to the 
larger, often comjx)8ite, feature which is so characteristic of the great Alpine 
ranges of the world. Such a distinction is in common usage amongst 
mountaineers ” (N. E. Odell, idem, p. 240). 
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oease the supply of ice to the great trunk glaciers flowing eastwards, 
and they would speedily lose their power of further moulding and 
carving out the great valleys that contained them. Previously, in 
their descent across the range from points westward of it they had 
given in the course of time and by prolonged erosion an eastward 
grade to their channels. These channels have since been occupied 
by the “ non-consequent ” rivers, to which earlier reference has 
been made, and which have their sources anomalously on the 
“ wrong ” side of the mountains through which they cut. The 
deep basins to be found at intervals along these river-valleys, in 
which now lie beautiful lakes, are to be explained as having been 
largely carved by the former vigorous valley-glaciers at such places 
where restriction gave increased speed and therefore erosive power 
to the ice-streams. And the latter were in many cases confluent 
streams, and therefore provided with additional ice in these localities. 
Moraines and outwash gravels have also assisted in damming up 
some of these lakes. Not that there is as much evidence as might 
be expected of debris ultimately derived from the action of the 
former glaciers, and such erosion-products, if they ever existed, 
must have been carried to the coast and dropped in the deep off¬ 
shore waters of the Atlantic. 

And so wo come to the last stage in the Post-Glacial march of 
events, which brings us right down to the final touches in the 
sculpturing of the landscape as we now see it. The higher groups 
of hills, often still rounded or flat-topped—portions of the old and 
perhaps little modified pre-Glacial surface, were being gradually 
scoured and abraded by the mountain glaciers lying on their flanks. 
These glaciers, where favourably situated and well-conditioned for 
the work of erosion, have progressively deepened the cwms in 
which they lie. Where the lapse of time since the recession of 
the formerly overriding continental ice has been short, as in the 
case of the Interior Range itself and adjacent groups, the majority 
of summits are merely scalloped, and a few scattered cwms only 
are in evidence even yet upon the almost unmodified surface. But 
where, as in the Coastal Mountains, and other coast-wise groups, 
summits have long been subjected to the work of mountain glaciers 
alone, the latter converging upon the higher areas have almost, or 
entirely, carved away the older surface of smoother contour. From 
the considerable summit-area of Mount Blow-me-down, to the more 
restricted table-top of Tower Peak, north of Komaktorvik Lake 
(Plate II), we find varying relicts of the old erosion surface, and 
significant evidence of the physiographic history of the region : a 
cycle of mountain glaciation has slowly and effectively impressed 
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itself upon the features derived from an earlier continental one. 
The agent which last of all is giving its finishing touches to these 
hills is that of frost-action, which, as earlier mentioned, is such a 
potent cause of destruction in the Arctic provided ample moisture 
is available. At the present time more wearing down of the peaks 
and summits is to be attributed to this process than to the action 
of the small waning glacierettes that still lie in their recesses. 

As far as the Kaumajet Mountains are concerned, our ascents in 
the range, and more especially the aerml photographs, clearly show 
them to be less dissected than the Tomgats, but evidence was found 
that they were completely overridden by the continental ice-sheet. 

In the Kiglapaits Wheeler has found unquestionable evidence 
of glaciation to at least 2,600 feet and more : in fact, no upper 
limit of glaciation has so far come to light. Prom the air a striking 
view of glacial scour of even the highest summits is obtained, with 
the result that the massive anorthosite rock is etched out along the 
weaker zones of the foliation and cleavage to give, with snow in¬ 
fillings, a most remarkable banded appearance to the terrain. 

Space does not permit of more than passing reference to the 
interesting old shore-lines and raised beaches to be seen at intervals 
along the whole length of the Labrador coast. They mark the 
general uplift of the country, which, as Daly has pointed out, would 
seem to be attributable to the gradual relief of the region from its 
former load of continental ice. It is well known that evidence of 
such up-warping has been ascertained in Europe and the British 
Isles, and for the same reason : that the earth’s crust is not too 
rigid to bend under sufficient loading, and to recover when relieved 
of that load. Along the Labrador coast, by means of raised beaches 
as well as by noting the limit of glacial boulders not shifted by the 
once higher sea-level, Daly showed that there has been differential 
uplift such that, in general, localities to the south have been raised 
more than those farther north. Coleman concurred with this view, 
and my own observations indicate briefly that in the extreme north 
of the |>eninsula at Ikordlearsuk there is no positive evidence at all 
of rise of the land. The existence of this tilt of the land north¬ 
wards suggests that the southern area has been relieved of its ice- 
load sooner than the extreme northern districts, which are still 
relatively depressed though to an unequal extent. On the other 
hand, the latter may never have been so encumbered with ice, and 
therefore never depressed to the same extent as the more southern 
area over which the Pleistocene ice-cap had its centre and pre¬ 
sumably its greatest thickness. 

But apart from the evidence and theories of the pandits/’ 
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there are the reports of the fishermen-settlers along the coast, that 
rook-ledges and reefs have during the last 70 or 80 years become 
notably less covered by water, and that passages, or “ tickles ” as 
they are locally called, which were once navigable by their fishing- 
boats can now no longer be used. Such reports are many and wide¬ 
spread, and although only qualitative evidence, cannot be wholly 
dismissed. It is sincerely to be hoped that quantitative observa¬ 
tions, by the fixing of bench-marks along the coast, may yet throw 
positive light upon this and the many other fascinating problems 
with which Labrador abounds. 



MAMMARY ACTIVITY 

By H. D. KAY, Ph.D.. D.Sc. 

Directort Naiional Institute for Research in Dairying, Shinfield, Reading 

Introductory 

The control of quantity and quality of mammary secretion is 
obviously a matter of great i3ractical as well as theoretical interest. 
The very existence of the whole class of animals to which man 
belongs depends on the efficient functioning of the mammary gland, 
and the fount and origin of our immense dairy industry (consumer 
figures for Great Britain alone show an annual turnover of more 
than £160 millions) with its supremely important place in national 
nutrition and fitness, is the bovine udder. 

In the course of centuries of selection by shrewd animal 
husbandrymen, the cow has become, in modem times, an animal 
in which mammary function is greatly hypertrophied. Not only 
does she produce far more milk per day than her ancestors, but 
she continues to lactate for greater periods of time. The undomesti¬ 
cated cow may secrete 150-200 gallons of milk over a period of four 
months or so ; a good modem cow will produce six to ten times 
as much milk, over a period of ten or more months, during a large 
part of which time she will be in calf and therefore providing also 
for the not inconsiderable demands of the growing fcetus. Quite 
apart from the material of the fcetus, the solids which she will 
secrete in the milk of a single lactation is in the neighbourhood of 
four times the total weight of solid material in her own body. 

There is a certain amount of uneasiness amongst some of the 
more intelligent breeders of dairy cattle with regard to the immense 
strain that is being undergone by the modem cow. This uneasiness 
is ascribed in the first place to their belief that reproduction diffi¬ 
culties in high-yielding dairy stock are increasing, in the second 
place to the apparent liability of high-producing cows to contract 
udder infection and other diseases, and in the third place—^though 
this fact is not taken, as yet, so seriously as it ought to be-—to the 
realization that the nutritional quality of the milk usually begins 
to suffer where quantity is the sole criterion of selection, l^eir 
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qualms atre not lessened when breeders of dairy oattle consider the 
serious condition in which the poultry industry finds itself as the 
result, it would seem, of acute functional overstrain brought about 
by uncontrolled breeding for egg production. 

How far this anxiety as regards the future of the modern dairy 
cow is justified is still a moot point. Whatever view is taken, 
there can be little doubt that what is urgently needed in dairy 
science is far greater knowledge of the physiology and biochemistry 
of milk secretion, particularly of milk secretion in the specialised 
modern ruminant, so that the maximal physiological capacity may 
be safely and regularly attained, and that the danger signals of 
approaching overstrain may be recognised in good time and guarded 
against. Our knowledge of lactation at present is rudimentary. 
To mention only a few of our chief ignorances, we need a real 
insight into the functional histology of the mammary gland, into 
the functions of its smooth muscle, into its lymph drainage, into 
the enzjone mechanism in the secretory cells and the sequence of 
chemical changes taking place in these cells, into the energy require¬ 
ments for secretion, into the nature of the precursors in blood of 
the milk constituents, and into the control of mammary activity 
by the endocrine glands. 

Of these fields there are two, namely that of the influence of hor¬ 
mones on mammary development and lactation, and that of the natiire 
of those materials in the blood from which the specific milk constit¬ 
uents are made, that have received a good deal of attention during 
the last few years. The experimentai results obtained are of no 
small interest and importance. It is proposed in this article to deal 
briefly with some of the recent findings in these two fields. 

HoBMOKAii Control of Mammary Sborktiok 

It has been suspected for many years that the hormones of the 
pituitary gland are concerned with the initiation and control of 
mammary function; lately this relationship has been examined 
in more detail. The secretions of certain other endocrine glands—the 
thyroid, the gonads and the suprarenal, which are controlled, at 
least in part, by the pituitary gland—^have also been found to be 
concerned with efficient lactation. A large amount of experimental 
work has been done in this complex but fascinating field since 1928 . 
Much of the information obtained b provisional and tentative, and 
is insufficient, as yet, to form a satisfactory picture ; nevertheless, 
during the past five or six years some of the main outlines have 
begim to take shape. 

Development of the Mammary Oland .—^Lactation normally follows 
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parturition, but the young mammary gland, both before and during 
pregnancy, undergoes a lengthy process of preparation before milk 
production is possible. 

In the female calf there is a slow increase in the size of the 
udder and teats with the general growth of the body, but these 
organs remain relatively small until puberty, when growth becomes 
more rapid. This increase in growth rate is coincident with the 
onset of ovarian function, and is, in fact controlled (but not neces¬ 
sarily directly controlled, see below) by a hormone secreted by the 
ovary. In the virgin heifer each ovarian cycle leads to a small 
increase in the size of the udder. The latter diminishes in size again 
between periods of oestrus, but the regression is less than the access 
of size at oestrus, and the net efiFect of repeated ovarian cycles is 
cumulative in largely increasing the udder size. Internally, the 
udder undergoes at this stage changes which are mainly an increase 
in the size and complexity of the duct system (in which milk will 
be stored after secretion and through which it will eventually be 
drained towards the teats), with relatively little development of the 
actual milk secretory cells. 

Different species of mammals vary a good deal in the extent 
to which their mammary glands respond to the oestrogenic hormones, 
but there is good experimental evidence to associate the progressive 
increase in the complexity of the duct system in the bovine, at least 
during puberty, with the secretion of osstrone by the ovary. 

Recent work by Gomez and Turner with small animals (1037) 
appears to show that oestrone is inactive in this direction in animals 
from which the pituitary gland has been removed. If an appreciable 
portion of the pituitary gland is left, oestrone retains its activity. 
They also show that wWeas normal rat pituitaries implanted daily 
into guinea pigs produce no proliferation of the duct system, yet if 
pituitaries from rats which have previotialy received 10 io 20 daily 
injections of oestrone are implanted daily, then development of the 
duct system, similar to that observed in an intact animal which has 
received 10 daily injections of oestrone, is obtained. If this work 
is confirmed, it must be accepted that the effect of oestrone on 
mammary development takes place as a result not of the direct 
stimulation of the mammary gland, but indirectly by the production, 
under the influence of oestrone, of a specific mammary-gland-growth- 
stimulating hormone by the pituitary. 

There is a further increase in the size of the udder during the 
early months of pregnancy. This has been shown to be due largely 
to the joint efibct of the oestrogenic hormone (secreted by the ovary 
and possibly also by the placenta), and the hormone seoieted by the 



MAMMARY ACTIVITY 


479 


corpus luteum (found for a short time in the ovary after an ovum 
is liberated, and which persbts if a fertilised ovum becomes implanted 
in the uterus) to which the name progesterone is now usually given. 
This substance, like oestrone, is a sterol derivative. This further 
enlargement of the udder is associated internally not only with an 
increasing complexity of the duct system, but also with a large 
increase in the amount of lobule alveolar tissue containing the 
big columnar cells that are ultimately to secrete milk. 

In some species of animals oestrone alone (possibly acting 
indirectly through the pituitary gland) appears to be able to cause 
the complete development of the mammary gland to the stage at 
which it is ready to function, but in the bovine, with which we are 
mainly concerned here, the successive action of the two hormones 
seems necessary. 

The Initiation of Milk Secretion .—In the later stages of pregnancy 
the mammary glands are so well developed that milk secretion could 
readily take plac?e. But lactation is nearly always absent till after 
parturition, when, after a rapid onset, it becomes firmly established. 
It was first suggested by Gaines and Davidson in 1926 and by 
Corner, and has since been supported by Nelson on the basis of a 
considerable volume of experimental work, that a factor is at work 
in the later stages of pregnancy actively inhibiting lactation. Nelson 
considers that the factor is either the ovarian hormone, oestrone, 
which continues to be secreted by the ovaries during pregnancy, or 
some similar hormone, possibly secreted by the placenta, though 
here the evidence “ though positive, is disappointing.” The 
restraining influence is removed at parturition. 

Certainly at parturition a ix>werful positive factor comes into 
play. It was shown in 1928 by Grueter that administration of crude 
anterior pituitary extracts to animals whose mammary glands were 
fully developed, but from which the ovaries had been removed, 
resulted in milk secretion. It is also known that the complete 
removal of the anterior-pituitary gland during pregnancy prevents 
lactation, but that in certain species and individuals which survive 
this rather drastic operation lactation may sometimes be induced 
by the administration of fresh pituitary extracts. It may be taken 
as reasonably well established that the main factors which initiate 
lactation are (1) the removal of some inhibitory influence associated 
with the oestrogenic hormones; (2) the liberation of, or increased 
availability to the mammary gland of, an internal secretion (or 
secretions) of the anterior lobe of the pituitary gland. Work of 
Selye, Collip and Thomson in 1934 and 1935 has suggested that 
mechanical distension of the uterus may also be a contributory 



480 SCIENCE PBOOBES8 

factor, at leant in the rat, to the prevention of laHation before 
parturition. 

On the positive side, these workers have also fairly recently 
shown that non-pregnant rats and mice, suitably prepared before¬ 
hand by use of the ovarian hormones, can be induced into active 
lactation by placing them in contact with an actively suckling 
litter. The stimulus to secretion here would appear to be, in the 
first place, mechanical, via the nipples. The view of these investi¬ 
gators is that milk secretion is largely consequent upon the liberation 
of the lactogenic hormone of the pituitary as a nervous reflex 
induced by the mechanical stimulation of suckling. Common 
experience indicates clearly, however, that the initiation of milk 
formation in the normal mammary gland after parturition is 
independent of suckling. 

The Lactation Hormone .—The phrase “lactogenic hormone” 
has just been used. This idea of a single lactation hormone is 
derived from work of Riddle and others who have shown that 
relatively purified anterior-pituitary extracts retain their lactogenic 
powers when administered to animals suitably prepared beforehand. 
The name “ prolactin ” has in fact been given to this hormone. 

Riddle found that his lactogenically active material also caused 
a marked increase in the weight of the crop glands of the pigeon, 
and on this basis of assessment, highly purified preparations have 
been obtained which are active in increasing the size of pigeon crop 
glands in doses as low as the fiftieth of a milligram. There has b^en 
for some time, however, an accumulation of evidence which would 
indicate that activity in stimulating the pigeon crop gland is not 
always associated with true lactogenic activity. Thus Gomez and 
Turner found in 1934 that the “ purified lactogenic hormone ” 
would not re-establish lactation in animals from which the pituitary 
gland had been removed dming full lactation, whereas the mammary 
glands of two si m ilar animals which were given a daily dose of 
ground, aqueous suspension of fresh pituitary gland remained 
functional. 

Still more recently (1937) it has been shown by Nelson and 
Gaunt and also by Gomez and Turner that for the initiation of 
lactation in animals from which the pituitary gland has been 
removed, either the cortical hormone from the a^enal gland, or 
the hormone of the pituitary which stimulates the adrenal cortex 
to secrete, is necessary in addition to purified “prolactin,” purified, 
that is, as regards its crop-gland-stimulating power. 

Very recent work of Folley and Young (1038) has strongly 
accentuated this difierence between such “ prolactin ” and the 
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hormone or hormones of the anterior pituitary gland which increases 
milk flow in the lactating cow. It had been previously found at 
Shinfield that the administration to cows past the peak of lactation 
of either a crude saline extract, or an alkaline extract, of fresh 
anterior lobe tissue caused a substantial but temporary increase in 
milk volume. At the same time the comjwsition of the milk was 
somewhat altered, there was a slight fall in the percentage of non¬ 
fatty solids, together with a slight rise in the percentage of fat in 
the milk. Crude extracts of the anterior pituitary gland possess 
many hormonal activities, some of which by suitable methods may 
be separated by fractionating the crude extracts. There is, for 
example, the crop-gland-stimulating fraction called “ prolactin,’* 
the portion that stimulates the growth of the thyroid in immature 
animals (“ thyrotropic hormone ”), the “ glycotropic ” or “ anti¬ 
insulin ” fraction which prevents the hypoglycaomic effect of insulin, 
the “ diabetogenic ” fraction which induces the symptoms of 
dial)eteB mellitus in normal dogs. In the very recent work just 
referred to, various fractions were assayed for their specific activity 
in other directions and were then tested out on lactating cows for 
their ability to increase milk yield during declining lactation. 

A single injection of crude saline extract of the anterior pituitary 
gland, and of the thyrotropic and prolactin preparation from the 
fresh gland, resulted in each case in a substantial increase in the 
milk yield for 5 or 0 days. Only slight changes were found in the 
compositional quality of the milk. With preparations from the 
dried gland, a single injection of prolactin administered in a dose 
equivalent, as regards crop-gland stimulation, to the dose of pro¬ 
lactin from the fresh gland had no effect on the milk volume or 
composition. The same lack of effect was shown on injection of the 
thyrotropic fraction prepared from the dried gland. When much 
larger doses of dried gland ” prolactin were used there followed 
a substantial and prolonged increase in milk volume, with a rise 
in lactose content. The lactogenic properties, as regards the 
lactating cow, of the thyrotropic preparation from the fresh gland 
were unaccompanied by any detectable pigeon-crop-stimulating 
activity. 

Thus it has been found both that purified “ prolactin ” with 
orop-gland-stimulating powers has no true lactogenic activity and 
that a fraction from the pituitary with no “ crop-gland ” powers 
is strongly lactogenic. The Shinfield workers conclude (i) that for 
true lactogenic assay, the pigeon crop-gland method is misleading, 
(ii) that there is probably no single specific lactation hormone. 

The Thyroid Hormone and Milk Secretion .—^Normal milk secretion 
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depends not only on the presence of an intact pituitary gland, but, 
also as was first shown in 1918, on the adequate functioning of the 
thyroid gland. 

As has been stated already, it has been fairly recently demon¬ 
strated that the pituitary gland secretes an agent (the thyrotropic 
hormone just mentioned) which increases the size of the thyroid 
gland in the immature animals. This, or some closely allied hormone 
also derived from the pituitary, increases thyroid activity, thus 
controlling the total metabolic rate of the body, the rate at which 
individual tissues use up oxygen and excrete COj, and probably 
also the arterial blood sugar level. Reece and Turner showed in 
1937 that the pituitary glands from actively lactating dairy cows 
contained rather more of the thyrotropic hormone than the 
corresponding glands of dry cows, or of beef cows. 

Six years ago Graham found that when a cow in declining 
lactation was given either desiccated thyroid tissue to eat, or was 
injected with synthetic thyroxine, there was a rise in the volume of 
milk secreted and also in the percentage of fat in that milk. Later, 
more carefully controlled experiments of FoUey and White indicated 
that the volume of milk could be increased by 25 per cent, or more, 
and the percentage of fat and non-fatty solids in the milk increased 
very markedly, by administration to lactating cows of 10 mgm. of 
synthetic thyroxine per day. Lactation was raised to a higher 
plane of efficiency, and the increase in volume and quality of the 
milk was maintained so long as the thyroxine treatment was con¬ 
tinued. The phosphatase content of the milk, which, in general, is 
an inverse indicator of the efficiency of the secretory cells, decreased 
during the treatment period, but rose again as soon as treatment 
was discontinued. 

Thus the administration either of certain of the hormones of 
the pituitary gland or of thyroxine will stimulate milk secretion. 
Is it legitimate to connect the two ? Does the pituitary act in¬ 
directly through its power to stimulate activity of the thyroid gland ? 
Are the results of thyroid gland or thyroxine treatment due to a 
rise in the metabolic rate of the mammary tissue, or due to the 
increased blood flow through it that follows such treatment and 
which will bring increased quantities of the milk precursors to the 
secretory cells, or to an increased mobilisation of sugar which is 
also a concomitant of increased thyroid activity ? Herman, Graham 
and Turner (1938) in some very recent experiments have found that 
whereas the administration of thyroxine to cows in declining lactation 
produced the effects on milk yield and quality described above, its 
administration to cows at the peak of milk production (8-7 weeks 
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after parturition) resulted in a diminution of both milk volume and 
fat yield. They suggest that the rise and decline of the lactation 
curve represents a rise and decline in the secretion of the complex 
of pituitary hormones which influence, directly or indirectly, the 
process of lactation. At the height of lactation, the production of 
the thyrotropic hormone by the pituitary has reached a maximum, 
and the animal is virtually on the verge of a hyperthyroid condition. 
Injection of additional amounts of th 3 n'oxine at this stage may 
depress milk secretion as a result of the increased competition of 
the hyperactive tissues of the various organs of the body for the 
not illimitable supply of those materials transported by the blood 
which are needed to meet the tremendous demands of the secretory 
cells of the udder at the peak of the lactation curve. Whether this 
is indeed the case, only further experiment will show. One observa¬ 
tion which may eventually lead to a convincing explanation is that 
the arterial blood sugar level, which appears to be correlated, 
even in the normal animal, with milk yield, is raised by thyroxine 
treatment. 

Other things being equal, the most valuable cow is the persistent 
one, whose lactation curve, after the peak has been reached, falls 
very slowly. Persistency of milk secretion is due very probably, 
at least in large part, to the maintenance of the secretion of the 
thyrotropic, or thyrotropic + lactogenic, honnones by the pituitary. 
Where natural persistency of secretion is poor, the response to 
administered pituitary hormone or to thyroxine treatment would 
be expected to be greater. Apart from such administration, the 
dairy cow is the creature of her pituitary and cannot rise above 
the functional efficiency of this gland. 

(Eatrogenic Hormones and Established Lactation .—On the basis 
of the suggestion mentioned earlier, that oestrogenic hormones in¬ 
hibit the secretion of milk by the mammary gland when it is fully 
developed during the later stages of pregnancy (and when, in fact, 
it has already secreted, but not emitted from the gland, a certain 
quantity of colostrum), it might be anticipated that the administra¬ 
tion of such hormones to animals in full lactation would either 
seriously interfere with milk secretion or would completely inhibit it. 

This has recently been put to the test at Shinfield, where it has 
been found that in the rat, oestrone markedly inhibits lactation, as 
judged by the effect of its administration to the mother on the weight 
and survival rate of the young sucklings. An inliibitory effect is 
also claimed olinioally, in the human. With the actively lactating 
cow the effect is much smaller and is somewhat unexpected. 
CBstrone administration diminishes somewhat the volume of milk 
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secreted in a given time, but at the same time considerably increases 
the compositional quality of the milk as regards non-fatty solids, 
an increase in the percentage of which may persist for weeks after 
a single injection (or a short course of injections) of osstrone has 
been given, and after the immediately depressing effect on milk 
volume has worn off. Another curious effect of costrone administra¬ 
tion to the cow is the large increase in the amount of phosphatase 
in unit volume of milk. 

A few months ago, it was foimd by Dodds and his colleagues 
that certain synthetic substances made in their laboratory had 
oestrogenic effects as great or greater than those of the naturally 
occurring oestrogens. Amongst these synthetic substances was one 
diethylstilboestrol ”, a stilbene derivative, which had an effect 
very similar to oestrone on the uteri of immature rats and rabbits 
and ovariectomised rats, and on the vagina and mating reactions 
of the immature rat, etc. It has very recently been found that this 
material, like oestrone, inhibits lactation in the rat. In the cow 
in declining lactation, the implantation of a small tablet of diethyl¬ 
stilboestrol subcutaneously does not, it would appear, either inhibit 
or increase the volume of milk secreted, but improves its chemical 
composition, both as regards fat percentage and also as regards the 
percentage of non-fatty solids. The lactose content is increased, 
and there is a sudden rise in milk phosphatase followed by a rapid 
drop to about the normal level. Either directly or indirectly, this 
synthetic oestrogen has, therefore, an action comparable with that 
of natural oestrogens. Qistrogenic activity and the ability to 
stimulate the active udder to improve the compositional quality 
of milk seem to be linked together. 

The practical question arises as to whether in certain cases in 
which cows secrete milk low in non-fatty solids, which might lead 
to legal proceedings if such milk with a non-fatty solids content of 
less than 8*5 per cent, were sold to the public, a synthetic oestrogen 
might not be administered clinically. So far the experimental basis 
for such a procedure is not sufficiently secure to permit its recom¬ 
mendation, but there is little doubt that the recent experimental 
work just described is bringing closer the solution of this practically 
important problem of “ non-pathological low solids-not-fat 

The Supply op Materials to the Mammary Gland 

Remarkable chemical transformations and syntheses take place 
in the milk-secreting cells. Such are the production of lactose, 
milk fat and caseinogen, substances quite specific for the secietion 
of the mammary gland, and produced nowhere in nature outside it. 



MAMMABY ACTIVITY 


485 


The mammary gland, nevertheless, is like all other organs of the 
body in being entirely dependent for its functional activity on its 
blood supply. All materials out of which the specific milk con¬ 
stituents are to be made must be transported to it by the blood 
stream, and though efficient secretion, as we have seen, depends in 
part on the direct control of the secretory cells by hormones, it 
dejiends no less on the maintenance of a constant supply to those 
cells of the right raw materials from without, both for milk produc¬ 
tion and for tissue maintenance. Gomez and Turner state pertin¬ 
ently that ‘‘ the lactogenic hormone exerts a direct influence upon 
the lobule epithelium (of the mammary gland) thereby initiating 
the secretory function, and by continued stimulation maintains the 
activity of the secretory cells provided the precursors of milk are 
ample.'^ 

These two a8{)ect8 of mammary secretion, namely, (i) hormonal 
control of the gland and (ii) supply of raw materials to it, are clearly 
very closely interlinked, progress in our knowledge of the one 
dei>ends on, and is assisted by well-established findings as regards 
the other. In the last few years, advance has been slower in the 
technically more difficult field of determining the chemical identity 
of the materials from the blood stream that are used by the gland, 
and how these materials are synthesised into specific milk eon* 
stituents in the secretory cells. 

Definite progress has been made, however, and in the next few 
paragraphs some account will be given of recent developments. 

Technique of Investigation ,—As regards the identity of the milk 
precursors, the direct method of comparing the composition of blood 
entering and of blood leaving the mammary gland was adopted some 
years ago. At first, owing to uncertainty of technique, surprising 
oonclusioirs were drawn as to the nature of these precursors. These 
conclusions need not now be taken seriously. 

Blood leaving the udder of the cow—with which animal we are 
here mainly concemed—can be obtained with relative ease from the 
abdominal subcutaneous vein (or milk vein). This vein is connected 
by anastomoses with two smaller veins which assist in the drainage 
of the udder, and it is generally believed that the blood in the 
abdominal subcutaneous vein represents a mean sample of the blood 
issuing from the mammary gland at any given moment. The blood 
entering the udder comes mainly from an artery which is deep and 
inaccessible. But arterial blood, wherever taken, is at any given 
moment almost exactly uniform in composition throughout the 
whole arterial system, so that the blood from any artery may be 
taken as representing the blood entering the mammary gland. 
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Nevertheless, methods of obtaining arterial blood from the cow 
compatible with minimal disturbance of the animal were slow to 
develop and it had therefore been assumed that if blood were taken 
from a vein which did not drain the mammary gland, e.y. the jugular 
vein, it could be regarded, for purix)8es of assessing the extent of 
mammary demand on the blood constituents, as equivalent to 
arterial blood. 

Our modern knowledge of the precursors in blood of the milk 
constituents may be regarded as dating from the demonstration by 
Blackwood and Stirling in 1932 that jugular venous blood cannot 
be taken as representing the blood reaching the mammary gland. 
They showed very clearly that it was necessary to take true arterial 
blood, and in their subsequent work arterial blood was obtained from 
lactating cows by puncture of the radial artery (in the leg) and 
venous blood from the mammary vein. Lintzel, working about the 
same time with goats, obtained his arterial samples by heart puncture. 

Though valuable results have been obtained by these workers, 
the technique of radial or heart puncture is somewhat hazardous, 
and virtually impossible if successive samples of arterial blood at 
fairly short and definite intervals are needed. The next advance 
was made by Graham, Kay and McIntosh (1936) who obtained 
arterial blood samples from the lactating cow by puncture of the 
iliac art/cry through the rectal wall. By this method large samples 
of blood from both artery and mammary vein could be obtained 
with great rapidity and with only the most minor disturbance to 
the cow. It was found essential to take the venous sample first, 
followed at once by the arterial sample. Maynard and his collabora¬ 
tors (1937) used a somewhat similar method : they obtained arterial 
blood from the cow by entering the internal pudic artery through 
the vaginal wall. 

A method which requires a preliminary operation on the experi¬ 
mental animal, but which avoids certain diflSiculties of the rectal or 
vaginal techniques just mentioned, has recently been devised by 
Graham, Turner and Gomez (1937). The position of the carotid 
artery in the goat is surgically altered to bring it into a loop of akin 
on the surface of the neck. After healing, which takes a few weeks, 
samples of arterial blood may readily be obtained from the exterior¬ 
ised carotid at short or long intervals with a minimum of 
disturbance. 

This digression on technique is justified in that it has been clearly 
demonstrated that any disturbances of the lactating animal that 
are more than minor, temporarily check, or at least interfere witht 
milk secretion. Since the difierences, even at the height of seoretioni 
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between the chemioal oompoaition of arterial and of mammary 
venous blood are small, and in some instances are not much greater 
than the analytical errors of the method of determination, an experi¬ 
ment may be almost without value unless the best possible blood¬ 
sampling conditions are strictly observed. 

Uptake of Sugar by the Mammary Oland .—^The changes in blood 
glucose as between arterial and mammary venous blood in the 
lactating cow are large, averaging, in some experiments at Shinfield, 
about 20 per cent, of the arterial blood sugar, i.e. quite large quanti¬ 
ties of sugar are taken up by the active gland. It may safely be 
assumed that this sugar is used for one or both of two purposes, (a) 
for the energy requirements of the gland, (6) for conversion into 
lactose or other milk constituent. In this connection many experi¬ 
ments have shown that the diminution of the blood sugar level by 
insulin, by phloridzin, or by starvation is accompanied by a fall 
both in the total quantity of milk secreted and the quantity and 
percentage of lactose in the milk. What then is the effect of a rise 
in blood sugar level ? 

The ruminant is different from most mammals hitherto investi¬ 
gated in that its blood sugar level is normally extremely stable. 
Several attempts have been made without much success by the 
Shinfield workers to cause hyperglycsemia in the lactating cow by 
feeding, and by glucose injections. The recent attempts of Brown 
and his collaborators (1936) to raise the cow’s blood sugar level and 
observe the effect of such hyperglycsemia on lactose secretion can 
only be described as gallant, but although these investigators con¬ 
firmed that diminished blood sugar was followed by diminished 
lactose production, for the reverse conclusion the evidence they 
obtained was unconvincing, owing to the extreme experimental 
difficulties involved. 

The probability of the dependence of lactose formation on the 
glucose brought to the gland by the blood stream was heightened 
by the work of Grant, who found, using slices of surviving mammary 
gland, that glucose was the only material out of four hexoses and 
of several hexosephosphoric esters used, which could be converted 
into lactose by this tissue. 

Further, a certain degree of correlation was observed by the 
Shinfield workers between the arterial-venous difference in blood 
sugar level and the amount of milk secreted, and also between the 
level of sugar in arterial blood in different cows and the amount of 
mUk secreted. Thyroxine, too, which increased the arterial blood 
sugar level, also increased both the total amoimt of milk secreted 
in a given time and the concentration of lactose in that milk. 
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From the foregoing work, and other pertinent findings which 
are not cited here, two tentative conclusions were drawn at this stage, 
(i) that the level of glucose in the blood has directly or indirectly 
a controlling influence on milk secretion, (ii) that the lactose of the 
milk is probably derived entirely from the glucose of the circulating 
blood. An important corollary is that since, as will bo described 
shortly, a large proportion of the total blood volume passes through 
the mammary gland every minute, the maintenance in the actively 
laotating animal of a steady level of arterial blood sugar must, 
particularly in the bovine (where owing to the tremendous micro¬ 
biological fermentation in the stomachs, carbohydrate is probably 
not taken up from the gut in any more complicated a form than 
that of lactic acid), make large demands on the liver or other organs 
responsible for this maintenance. 

Some of the Shinfield work in 1936 seemed to indicate that the 
amount of glucose taken up by the gland of an actively lactating 
cow would be barely sufficient to cover both the metabolic glucose 
and the glucose required for lactose 83 mthe 8 is. If indeed glucose 
was the sole material used to meet both these requirements, then 
a very high figure for the circulation rate of the blood through the 
udder would be called for, a rate much higher than that calculated 
from other findings. It was therefore not entirely surprising when 
Graham in 1937 was able to show that in fact nearly twice as much 
lactose was secreted in the milk as could be accounted for by the 
removal of glucose from the blood. He used goats with exteriorised 
carotids, with only one mammary gland, and only one venous channel 
—^the mammary vein—for drainage of blood from the udder, the 
external pudic and perineal veins having been tied and out. The 
rate of blood flow was determined by a modification of the thermo- 
stromuhr technique. He further found that not only glucose, but 
also lactic acid, which as is well known can be rea^y converted 
into carbohydrate in the body, was freely removed from the blood 
by the lactating (though not by the non-lactating) udder, the weight 
of lactic acid so removed from unit volume of blood being over 
four-fifths of that of the glucose removed. Some 86 per cent, of the 
lactose secreted could be accounted for from the glucose plus the 
lactic acid which disappeared from the blood. The remaining 16 
per cent, might well be either accounted for by experimental error 
in the blood flow measurements owing to peripheral venous drainage 
which could not be entirely prevented, and which, since it was 
not measured by the stromuhr, gave a slightly too small rate of 
blood flow through the udder, or it might be provided by the ooliv«r> 
sion into glucose of a portion of certain of the amino acids broken 
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up in the gland cells, Graham, Houchin and Turner have, indeed, 
shown that urea is readily formed in the laotating udder of the goat, 
the mammary venous blood containing on the average 3-2 per cent., 
or under favourable conditions as much as 4*5 per cent., more 
urea than the arterial blood. The remote contingency that this 
increase in urea arises merely by the abstraction of water for milk 
formation from the circulating blood is ruled out since it has been 
shown by haemoglobin determinations that any blood concentration 
in the udder is less than 1 j)er cent. In view of the rapid circulation 
of blood through the udder, this extent of urea formation indicates 
that deamination is proceeding actively in this organ. Presumably, 
therefore, the other fraction of the deaminised amino acid molecule 
would also be available in not inconsiderable quantities in the 
mammary tissues, to be transformed wholly or in part into carbo¬ 
hydrate (or some intermediate substance such as lactic acid) and 
thus into lactose. The ability of the mammary gland to fonn urea 
from amino acids, if confirmed, will fit in well with the observa^ 
tions that high protein diets have a stimulating effect on milk 
yield. 

What may prove to be a complicating factor has very roc^ently 
(1038) been described by Petersen and Shaw. They accey)t the 
finding that glucose and lactic acid are normally used by the 
mammary gland for the synthesising of lactose, but they also find 
that as much as 0*2 per cent, of the wet weight of the mammary 
gland may be glycogen. The glycogen is probably built up from 
blood carbohydrate when opportunity offers, and used as a temporary 
source of sugar for lactose formation when for any reason the blood 
glucose or glucose + lactic acid is low. 

Blood Precursor of MUk Fat ,—Of the other milk constituents, 
milk fat or butter fat is one of the most characteristic. It is unique 
amongst naturally occurring fats in its high content of the lower 
fatty acids, and any complete account of the methods of its forma¬ 
tion in the mammary gland from the raw materials provided in the 
circulating blood must explain this peculiarity of composition. 

Possible origins of the milk fat may be arranged in the following 
a priori order of probability. Milk fat may be formed (i) by trans¬ 
formation of blood fat, i.e. the circulating triglycerides ; (ii) by 
re-s}mthesi8 from blood phospholipin, e.y. from lecithin ; (iii) from 
the blood sugar (providing the glycerol), and cholesterol esters 
(providing the fatty acids), with the liberation of free cholesterol 
in the venous blood; (iv) from some other source, e.g, entirely 
from the blood sugar, by extensive chemical transformation. 

The consensus of recent findings, with careful sampling methods 
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and improved analytical technique, is in favour of the first, and 
simplest, of these alternatives. 

It was shown by Graham, Jones and Kay (1936), at Shinfield, 
that blood going through the udder lost none of its phospholipin, 
so that phospholipin cannot be the blood precursor of milk fat. 
They also found a definite, though small, fall in the ‘‘ total fatty 
acid concentration of blood in going through the gland, i.c. there 
was a fall either in the true triglyceride, or in the fatty acid combined 
with cholesterol, or in both. The average fall in blood fatty acids 
was only about 2 per cent, (or in the best series of experiments 
3'6 per cent.) of the total fatty acids. 

Lintzel, in Germany, found that in the goat the cholesterol 
esters do not provide the fatty acids for the secretion of milk fat, 
but that these acids come entirely from blood triglycerides. In 
more recent work, Maynard and collaborators (1937) at Cornell 
agree that there is a drop in total fatty acids as the blood traverses 
the udder of the lactating cow, and show also that this drop is 
neither in the phospholipins nor in the cholesterol esters, i.e. it 
must be due to a fall in the neutral fat, which is the only other 
fatty-acid-containing constituent of blood that occurs in any 
quantity. The direct determination of blood neutral fat is a matter 
of considerable analytical difficulty and, as yet, has not been made. 
Neutral fat is present in blood, however, in quantities which are 
smaller than the amount of fatty acid combined as phospholipin 
or as cholesterol ester. It is believed that the neutral fat of blood 
does not contain appreciable quantities of the lower fatty acids, 
although about one-third of the fatty acids in cows* milk fat are 
lower members of the series. Does the mammary gland form these 
by breaking down the higher fatty acids, or by synthesis from 
glucose ? Judging by the difficulties of meeting the demands, 
mentioned in a previous paragraph, which are already made on the 
blood glucose by the mammary gland for lactose synthesis and for 
metabolic purposes, it seems unlikely that the blood glucose also 
provides the lower fatty acids of the milk fat. 

Cdseinogen and Other Phosphorus Compounds in Milk ,—^The 
S 3 nithe 8 i 8 of caseinogen, the characteristic protein of milk, has 
received some attention lately, but like the other two, the mechanism 
of its production is still somewhat uncertain. Linderstrem-Lang 
some years ago was able to separate caseinogen into two or more 
fractions with different chemical and physical properties. This 
aspect will not be discussed here ; for present purposes the name 
caseinogen will be taken to cover the protein complex. Caseinbgen 
may be produced from one of the blood proteins, say the smun 
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globulin, by a lelatively small transfonnation, or it may be built 
up from blood amino acids which Blackwood and Stirling (1932) 
have shown to be significantly lower in concentration in mammary 
venous than in arterial blood. Whichever is found to be the case, 
the fact that caseinogen contains a large proportion of phosphorus 
in the molecule means that this, at least, of its constituent parts, 
must come from non-protein sources. 

The blood phosphorus compounds comprise phospholipin, phos¬ 
phoric esters of several types and inorganic phosphate. (The pro¬ 
teins of blood have relatively low phosphorus content.) Milk, in 
addition to caseinogen, contains phosphoric esters and inorganic 
phosphate : the phosphorus being distributed in the proportion, 
approximately, of 26 per cent, casein P, 10 per cent, phosphoric 
ester P, 86 per cent, inorganic P. 

The most careful analysis of arterial and mammary venous blood 
in the cow has revealed that the only phosphorus fraction that 
diminishes whilst the blood traverses the mammary gland is the 
inorganic phosphate fraction. Three laboratories, one in England, 
one in Scotland and one in Germany, are agreed that tlie phosphorus 
compounds of milk, organic and inorganic, are derived in the main 
from the inorganic phosphate of the blood plasma. It has also 
been observed that the rate of uptake of inorganic pliosphate from 
the circulating blood by the udder is not constant during secretion, 
but depends on the time that has elapsed since the last milking, 
diminishing as the udder fills up with milk. 

Very recently (1938) these findings have been confirmed in a 
most elegant manner by Aten and Hevesy, using radioactive phos¬ 
phorus. When “ labelled ” sodium phosphate is administered sub¬ 
cutaneously to goats, the radioactive phosphate is slowly but steadily 
taken up from the blood plasma by the gland, and the caseinogen 
synthesised during the first few hours contains a comparatively 
high proportion of radioactive P. The milk esters containing radio¬ 
active P are not quite so rapidly synthesised, but here again, judging 
by their content of “ labelled ” P, their phosphoric acid moiety 
appears to come largely, if not exclusively, from the inorganic 
phosphate of the blood. The phospholipin phosphorus of the milk 
seems, by this method of assessment, to be clearly derived not from 
the lipin compounds in the blood, but again from the free inorganic 
phosphate. 

An interesting sidelight is thrown by this experimental work on 
the rate at which blood must circulate through the mammary gland 
in the lactating dairy oow, an animal, it must be remembered, very 
highly specialised for milk production. Assuming that all the pre- 
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cursor disappearing is synthesised into the milk constituent without 
loss, if a mgm. of the blood precursors of a milk constituent dis¬ 
appear from unit volume of blood in passing through the mammary 
gland, and b mgm. of the product are present.in unit volume of the 
milk produced, then the amount of blood required to circulate 
through the gland to produce unit volume of milk must be approxi¬ 
mately-. It can be calculated in this way that some 300-400 litres 
a 

of blood circulate through the udder for each litre of milk secreted. 
This indicates, with a little further calculation, that the udder of 
an average cow in full lactation takes about one quarter of the 
heart’s output of arterial blood. It is not to be wondered at that 
the *• milk veins ” (abdominal subcutaneous veins along which the 
main venous drainage of the udder is effected) in a good cow are 
characteristically large, and in fact the size of the “ milk well ” 
(the a{)erture in the body wall through which this vein goes) is not 
infrequently used in the cattle market as a guide to milk-producing 
ability or potentiality. 

From the findings described in this short article, it will be 
apparent that our ideas as to the method of control of milk secretion 
by the endocrine glands, and as to the relationship between blood 
constituents and the characteristic milk components, are beginning 
to take shape. These two inter-related features have been selected 
somewhat arbitrarily by the writer from a number of fields in which 
dairy science has been making advances of late years becatise they 
seem to him to be of fundamental importance for the whole of 
dairy science and because he himself has been directly interested 
in the experimental work concerned. 

In Great Britain, lack of funds is handicapping progress at 
present. If men and money can be found to continue these investiga¬ 
tions, and keep dairy science a step or two ahead of dairy practice, 
many valuable lines of guidance will be forthcoming, and serious 
pitfalls, almost inevitable when animal or plant physiology is being 
strained to the limit by artificial selection, may be avoided. 



THE CHEMICAL PHYSICS OF PAINTINGS 

By F. IAN G. RAWLINS, M.So., P.R.8.E.. F.Inst.P. 

SeientiJU Advimr to tk^ Trudeet of the Naiionai OaUerif 

A CHARACTERISTIC feature of our time is the specialisation of know¬ 
ledge ; the tendency to know more and more about less and less. 
Probably, such a course is unavoidable, for man's ability to become 
aware of new facta is enormous, yet at the same time his powers of 
assessment and appraisement—in short, his critical faculties—are 
more limited. And thus it comes about that revolt sets in, revolt 
that is against being told what is or what is not a fit subject for 
study. One has only to recollect Maurice Hewlett's “ Youth at 
the Summit " in his “ Pan and the Young Shepherd," with its 
scene at the mountain edge and the “ world stretcht out," the wind 
at gale force and all the rest, to exclaim with him " World, world, 
I am coming." Frontiers may be disastrous things ; confines of 
knowledge are little less dangerous in the long run. Thus, our ui*ge 
to create simply ignores such barbed-wire entanglements as divide 
Art studies " from “ Science studies," or hinder us from wandering 
at will in the no-man’s land that lies between subjective and objective 
enquiries. 

America has performed a fine service for the readers of scientific 
literature by producing The Journal of Chemical Physics. The 
title is most significant: it means, if I am not mistaken, that the 
aim is to discuss physics in their chemical aspect rather than 
chemistry in its physical aspect, which is what many of us have long 
—^perhaps over-long—^been accustomed to do. At this stage then 
is perhaps the moment to explain that I propose to deal with the 
physics of paintings from a slightly chemical point of view, closely, 
that is, as the basis of natural science is partitioned in that 
publication. 

The sequel will show that the so-called easel paintings ” come 
in for the major share of attention. The reasons for this are partly 
because it so happens that my work is amongst them, and partly 
because their mobility (a relative term I know, to my sorrow) makes 
them a little more amenable than—say—^mural decorations, to 
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scientific investigation. We shall have occasion to notice the 
limitations of such methods more than once ; indeed, nobody would 
wish to deny the paramount importance of sensibility for those in 
and around a collection of pictures. At the same time, however, 
“ knowledge goes ahead as technique develops,” as the late Lord 
Rutherford never tired of reminding us. And technique connotes 
a habit of mind, a “ methodik ” as well as a mastery over materials. 

Our first task then is to take stock of the objects with which we 
have to deal. This will prevent our “ methodik ” from becoming 
so abstract as to have no direct application. Our second duty is 
to set up such intellectual machinery as will enable us to cope with 
the physical problems they present, with a view (and this is the 
crux) not only to conserving and preserving them, but to knowing 
more about their raison d’itre than could be achieved by subjective 
contemplation alone. Finally, in our quest for a due recognition 
of materials, we shall need to sort out such laboratory processes as 
help in this work, from those which apply perhaps to exactly the 
same substances when they do not form part of a picture. Otherwise 
we shall never see the wood for the trees. 

The advantage of looking at our subject from such a djrnamic 
aspect is, I believe, that it will prevent this article from becoming 
a mere description of how certain things, probably most desirable 
in themselves, can be done. The lead which others have given in 
the technics of Art make it presumptuous for me to enlarge upon this 
theme. It may be better therefore to confine this paper to. aims 
and ambitions, with a brief review of such experimentation as this 
country has produced. 

PiCTUBBS AS PhYSIOAI, OBJECTS 

A picture, on a wall, on wood, or on canvas, is an object, the 
chief feature of which, physically, is its stratified nature. For the 
moment, its chemical properties are subordinate, and, clearly, they 
are exceedingly complex. Faced with the proposition of t hinkin g 
out ways and means of dealing with such an object, the scientist 
will instinctively turn to hie experience of other stratified systems, 
such as rooks, certain classes of crystals, film-structures, and so 
forth. He will then ask himself whether the well-tried methods 
available for examining strata in general are applicable to the 
present case. This question prompts him to caution. The succes¬ 
sive layers of a painting ate not separate and simple entities : infinite 
difficulty would be removed if they were. The sequence, support, 
ground, paint-film, surface-film are functionally related, uid frulure 
to allow for this is to court disaster at the start. Our investigator. 
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however, without turning the blind eye to all this, will be well advised 
to persist in his mental image of “ layer upon layer,” and begin at 
the beginning. We all remember the sound advice to youthful 
examinees, that it is of the greatest importance to write down 
something, even if wrong, in order to overcome the mental inertia 
of gazing at a vacant sheet of paper for three hours. Much the same 
applies to our case at the start. The need then is for fundamental 
experiments, experiments, that is, that put first things first. By 
no other means shall we prevent our subject from becoming a mass 
of data having no basis of generalisation, but only a collection of 
special cases. But to return to our object, the stratified thing 
called a picture. Can anything be done to classify the layers more 
precisely ? Ib-obably not, but there is one step which we can take 
now, or better, there are two alternatives between which we can 
choose at once. This concerns the paint-film, in a sense the most 
important, for, after all, it is the “ picture.” Either we can dis¬ 
tinguish between diiferent kinds of paint-films by their structure, 
or by the vehicle or medium. The firat way has lately been brought 
forward most convincingly by Dr. Stout, and the second is really 
the gist of Professor Ostwald’s “ Iconoscopic studies.” Otherwise 
expressed, the former is physical (with a due regard to chemistry), 
the latter is chemical, with no regard to physics. 

The orientation of this contribution being what it is, it is scarcely 
necessary to state that the former provides a degree of satisfaction 
totally lacking in the latter. The strength of the structural concept 
of paint lies in its ability to deal with observables (literally to “ face 
the facts ”) whereas Ostwald’s microchemical criteria, refined tts 
they are, destroy in the testing just that which we wish to preserve. 
Given then a set of structures, the chemical-physicist can no longer 
resbt the appeal to investigate them optically. And indeed this is 
what a number of workers have been constrained to do for several 
years past, without realising the power which the structural concept 
imparts to their efforts. The microscope of varying degrees of 
refinement and magnification is probably the most effective instru¬ 
ment in a picture laboratory. To estimate the extent of dispersion 
of pigment, to learn the nature of the mechanical ” look ” between 
paint-film and ground, to detect discontinuities and to infer firom 
them something about a picture’s condition, all these are within the 
scope of what may broadly be called microscopy. 

A host of other possibilities obtrude themselves, once one begins 
to think of a paint-film functionally; they will come in for their 
share of attention later on ; our business at the moment is with the 
picture itself, interesting always, and perhaps sublime. 
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We recollect, for example, that paintings need all the help we 
can give them in their struggle for continued existence in the best 
state obtainable. Further, that we are responsible for solving, as 
far as we are able, the problem of exlubiting them to the best 
advantage, at the same time paying heed to their health. These 
matters concern gallery directors in the main, but it is but natural 
that scientists should be called uxK>n to assist, and their part must be 
played with due understanding of a curator’s viewiwint. 

The passage of time leaves its mark upon the bulk of a painting. 
This means that heat and cold, dry conditions and damp conditions, 
radiation effects like sunlight, artificial illumination and so on 
contribute to the condition of a picture at any moment of its life 
and make its instantaneous state largely a function of its previous 
states. 

In addition, there is the menace of a polluted and gas-laden 
atmosphere, characteristic of many groat cities, and it is said that 
altarpieces in Italian churches have suffered from the chlorine 
liberated by the burning of bleached candles. If a picture is where 
it is for profit or for pleasure, or for both, all these drawbacks must 
most likely be endured, but their evil effects can be controlled to a 
large extent. A close study of radiation between wall and picture 
(often at distinctly different temperatures) wiU go far to reduce 
the settlement of condensation upon surfaces ; the use of a “chemical 
balance ’’ such as the a]}propriate hydrates of zinc sulphate will 
keep the fluctuations of relative humidity within reasonable bounds ; 
air-filtration (with proper refrigeration) is becoming more and more 
desirable in the dusty and fog-laden cities of Great Britain and 
elsewhere. And alas! precautions against aerial warfare take a 
forefront place in the minds of those responsible for “ documents ” 
(for pictures arc documents) which in reality belong not to any one 
nation, but to a world disquieted and distressed. 

All these questions are capable of more or less of a scientific 
answer, but between asking them and making reply stand problems 
of a dm inistration and perhaps of finance. It is scarcely fair to 
evade these, and so a few short moments will be devoted to an 
outline of our experience in London. In the mam, no gallery or 
museum can hope to tackle all the chemieo-physical queries which 
confront it. And indeed, it is absurd to expect that it should. 
Co-operation with institutions staffed by experts in various branches 
of applied physics is the obvious solution, and this, we have found, 
is perfectly easy. Nevertheless, a fair amount of clear t hinking is 
needed, and for these reasons. Firstly, it is probably impossible to 
allow works of art to leave the gallery where they are, and secondly 
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it is evident that no risks whatever can be taken with them in their 
own habitat or elsewhere. This means that research must be 
conducted upon “ models ** (and “ models ” for such purposes may 
be very quaint things, bearing next to no resemblance to their 
prototypes in appearance), and also that duo allowance must be 
made for the fact that what it may be permissible to do to such a 
model is totally inadmissible for the “ real thing.” However, 
given a reasonable degree of imagination in designing experiments 
and, be it said, in the interpretation of results, much good may 
come. 

Here perhaps is the place to remark that art is by no means 
the only human activity which relies for fundamental progress 
upon intuition ; mathematics and pure science have leapt forward 
by flashes of intuition, and the logical defects of aesthetics are 
paralleled by the epistemological gaps which have, for a time, 
pervaded some of the greatest advances in natural philosophy. 
With the utmost diffidence, I w^ould ui'ge the art-critic to a study 
of pure mathematics if he would revel in sheer beauty, with the same 
conviction that I would invite my brother scientists to spend many 
hours in a di8ci[)Iined tour of the great art collections of the world. 

To return however to co-operation. The scientist whose duty 
it is to have charge of a gallery or museum laboratory should spend 
a considerable portion of his time in working out co-partnership 
experiments such as those already indicated. He it is who should 
be able to appreciate the needs of his institution in relation to tests 
which in the nature of things it cannot perform for itself. 

The SioNiFiCANOB of Abt Technics 

An attempt has been made in the last section to conceive the 
picture in bulk as an object for scientific investigation. We now 
approach the core of the whole matter in asking ourselves why such 
examination is worth while, and if we can give a satisfactory answer 
to that, our next occupation must be to devise exact means of 
laboratory experimentation. 

It will have become clear already that physical methods are 
likely to help the gallery curator in the discharge of his normal 
duties. The ultimate aim, however, in my view, is to find out 
more—^much more—about the technique of the great masters than 
we know already, and to assist in bringing pictures back as nearly 
as may be to their original state. It is true, no doubt, that the 
problem of restoration is largely fiesthetic, and other factors which 
do not concern us here will probably influence a director s decision 
to restore, or not to restore, a certain picture. Nevertheless, if it 

KK 
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be granted that it may be a worthy aim to present a work of art 
once again in a state closely approximating to that which the a^ist 
originally intended, then all the resources of a refined scientific 
** methodik ” will be necessary to achieve it, both in pre-examination 
of the work in question, and at all stages of the restoration. 

It may be illuminating to work through an example in as much 
detail as mere words can provide. 

Here, for instance, is a picture, say of an Italian School. It 
is, in its present guise, probably next to worthless as a work of 
art, or as a document for its supposed author. It may even be 
covered with a rich brown varnish, but in spite of that, it will be 
obvious to the eye of any reasonably observant person that the 
paint-film is very far from original. Probably it is Mid-Victorian. 
On the assumption that we hesitate to exhibit this object as a 
genuine old master, the first step would seem to be to ask whether 
in fact there is any of the original left, and if so, how much. 

The scientist will immediately subject the picture to X-ray 
analysis, and with certain reservations, he will most likely be able 
to reveal what is underneath the confident super-structure of the 
nineteenth century. These reservations we shall discuss later on ; 
the immediate point is that physical means will almost certainly 
provide a definite answer to the question as to whether or not there 
is anything there to restore, or at least to bring to light. Anything 
may happen; the picture may be found to be perfectly valid, or 
a considerable amount of ‘‘ original may appear, or, next to 
nothing whatever, a mere wreck of scrapings and patches. 

Next, analyses by ultra-violet and infra-red radiiations will be 
invoked. The fonner is often valuable for its merciless revelation 
of retouches, whereas the latter penetrates the discoloured varnish 
(and dirt) and thus gives the restorer a good deal of information 
of what the paint-film is like before he tries to remove the varnish 
layer. Naturally, it is not the affair of the scientist to pronounce 
the final verdict “ to clean, or not to clean,’* but it is scarcely open 
to argument that the data in the form of prognosis which he will be 
able to provide will go far to influence the decision. 

Once the word has been given to proceed, it behoves both 
curator and scientist to assemble a dossier of records throughout 
the process. The reason is partly to safeguard themselves against 
possible criticism and partly as data for future efforts. Detail 
photographs are the most obvious aid; they need experience and 
skill in the taking, to bring out the particular feature which it is 
desired to stress. As a rule, a judicious use of filters will lead to 
the required results. Another stage-by-stage process is colorimetry; 
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with the help of a tintometer or similar instrument readings can 
be collected at any desired place on the picture. 

In this section I have purposely accorded prior consideration 
to a hypothetical case of cleaning ; the more profound subject of 
the objective study of techniques will be taken up now. This work 
is obviously helped by experience in a scientific approach to restora¬ 
tion, which accounts for the order herein adopted. 

For the purpose of building up a corpus of knowledge about 
technique, access is naturally required to the best authenticated 
examples of the great masters ; cases in which there is not a shadow 
of doubt of the picture’s origin. Then X-ray analysis, together with 
low-magnification microscopy, plus the use of the microsectioner 
will play their part in producing evidence of “ how they did it.” 
Investigations in this field are in their infancy as yet, and it is obvious 
that many difficulties both of a scientific and general nature will 
have to be surmounted before one can recognise such techniques 
objectively. But a beginning has been made, and the X-ray shadow¬ 
graphs obtained in Vienna, with perhaps those from one or two of 
the best Raphaels at the National Gallery, encourage one to believe 
that the quest is not hopeless.* 

Special Laboratoky Methods 

In such a review as this, covering a general scheme of chemico- 
physical tests and researches, one endeavours to present the subject 
in tolerably logical order. In other words, an attempt is made to 
discuss what is to be done before explanations are offered of how one 
tries to do it. Historically, as in other branches of activity, this 
has not always been so ; an apparatus has been assembled for some 
seemingly good purpose, and it has proved itself in the event the 
ideal way of doing something quite different. 

The remainder of this article therefore is devoted to principles, 
principles that is which underlie all physical examinations of paint¬ 
ings. The whole subject is too encumbered with individual instances 
as yet to be able to give explicit instructions, and even if such was 
feasible, it would be altogether rash to assert that the ways and 
means which we have developed in London are in any respect 
sacrosanct. The most that can be claimed for them is that they 
are established upon rigid physical concepts, and that the apparatus 
has been designed or modified expressly for the end in view. 

* The radiography of technique is largely directed towards a fuller know¬ 
ledge of the ** whites ” than would otherwise be obtainable. By observation 
of relative density it is possible to infer whether the whites ” arise from 
the ground, the paint-film, or from a mixed method. 
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The optical equipment may be discussed first, in view of its 
fundamental importance. Direct observation with a good hand- 
lens always plays a great part in preliminaries ; one detail at this 
point is that such a hand-lens can be designed with a specially long 
working-distance so that it can readily be focussed through the glass 
of a picture, without the trouble of deframing it before anything 
can bo done. A further refinement still is a long-working-distanoe 
binocular. This is a little too bulky to carry everywhere and any¬ 
where however. A magnification of some six times is convenient. 
For laboratory pxirposes a binocular fitting on a travelling rackwork 
or arm, with a low voltage lamp such as the Leitz Monla,*’ is 
excellent. There is next to no danger from overheating at any 
reasonably close range. The study of the structure of paint, such 
as Dr. Stout has recently encouraged, is readily carried out at a 
magnification of about ten times or less, though it will be necessary 
to be i)re])ared for enlargements of some 100-200 diameters for the 
examination of cores from the microsectioner, or for microchemical 
reactions involving the precipitation of small characteristic crystals. 
Incidentally, the recent manual by Dr. Wilson on Microchemical 
Methods is most valuable. Such tests do not compare with struc¬ 
tural determinations so far as the paint film itself is concerned; 
their worth is in the identification of pigments. 

Reference to ultra-violet analysis may be brief, not because 
it is unimportant—far from it—but because its usefulness depends 
upon factors which may not always be present, or, in medical 
language, it has a number of ‘‘ contra-indications.’* The fluores¬ 
cence of most varnishes is a specific property, exceedingly fortunate 
when one wishes to know the state of the varnish layer, or whether 
it has been painted over. Ultra-violet photographs should always 
form part of the dossier of material collected during a restoration. 
There is no difficulty now with the technique ; ordinary camera 
equipment, together with a special filter and a source of suitable 
radiation is all that is necessary. 

Infra-red registration is in a somewhat different category. Its 
potential value is probably greater, but its troubles are too. The 
property of immediate importance is the i)enetration. Varnish, 
however much discoloured, is nearly transparent to these rays, and 
surface dirt offers remarkably little resistance. On these scores 
alone, the gallery scientist will wish to experiment with them. He 
will be forced to depend wholly upon photography; there is no 
method known of making their effects directly visible to the eye. 
Further, he will be well advised to ignore the sweet counsel of the 
optimists who aver that infra-red photography is a simple extension 
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of the usual art, requiring nothing beyond a tungsten bulb and a 
deep-red filter. Few sadder hours can be imagined than to trudge 
this pointless track. 

To obtain success is not difficult, but one simply must “ begin 
at the beginning.” 

Firstly, a camera of all-metal construction, for wood, leather 
and so forth are not infra-red tight ” and fogging of plates is sure 
to follow their use. Such a camera has recently l>een described in 
detail,^ and to that article those specially interested may bo referred. 
Secondly, a lens specially computed for this portion of the spectrum. 
An optical combination has been worked out by the firm of Ross 
(and I believe elsewhere as well) the special feature of which is that 
the dispersion curve is horizontal for long wave-lengths, which means 
that once an image is obtained and focussed for the visible spectrum, 
it is automatically in focus for the infra-red. Given all the optical 
data of a lens system it is only a laborious computation to arrive 
at equivalent focus for any set of components, but if infra-red 
photography is to be of immediate service in the picture laboratory, 
a parfocal lens such as that described is essential. It is also of 
consequence to notice that visual focussing upon a picture surface 
is a little precarious, for there are an infinite number of positions if 
the surface is appreciably rough, and the deep penetration of long 
wave-length radiation should be borne in mind. Thirdly, although 
there is no need whatever to take the heroic—and uncomfortable— 
measures sometimes advocated for hyper-sensitising infra-red plates, 
it is as well to maintain the speed reasonably constant by keeping 
them m an ordinary domestic refrigerator. They should be left at 
normal room temperature for about half an hour before use, other¬ 
wise disaster will ensue on account of condensation. To some 
extent, these precautions are local, and depend upon average 
temperature, degree of humidity and so on ; infra-red photographic 
material is inclined to be “ temperamental ” at times, but to respond 
to ” coaxing.” The Ilford deep infra-red fiilters are adequate, but 
of course a dummy (white) filter should be used as a compensator 
when focussing is being done in the visible. Almost any high- 
temperature electric bulb will give some result, but “ Neron ” lamps 
in suitable metallic reflectors are excellent. Exposures seldom 
amount to more than a matter of seconds. A special dark room 
filter enables operations there to go on with ease. 

The last main subject for review is X-ray equipment. Before 
all else, the special character of the work to be done points to the 
use of soft radiation. 

* F. I. Q. Rawlins, Mueeuim Journal, July, 1998, p. 186. 



SGIBNCE PB00BES8 


602 

Oiir own experience in London haa demonstrated that there is 
no need for the Lindemann window, nor for the “ Greruse ” tube, 
though both these appliances are useful. A tube has been found 
which gives a steady supply of X-rays at 10-12 kilovolts with a 
current of about 15 milliamps. With the aid of intensifying screens, 
exposures are conveniently short. But the successful progress of 
X-ray photography of paintings has been seriously hindered by lack 
of appreciation of the elementary fact that almost any result can 
be obtained by varying the ph 3 r 8 ical factors, such as kilo-voltage 
and current. Therefore it is essential to state these conditions 
whenever such photographs are being considered. Much fruitless 
controversy has arisen through neglect of this matter. In general, 
due to the permeability for X-rays of most components of a painting, 
with the exception of lead and mercury pigments, all detaU will 
be lost if radiation much above 12 kilovolts is used. The employ¬ 
ment of carbon compounds for pigments in modem times is the 
reason why, in many cases, it is possible by means of X-rays to 
distinguish original paint from later additions. 

Chemical physics in the service of art is a new venture ; it has 
yet to leam its weakness and its inherent limitations, but it is too 
young, too near “ the mountain edge with the world stretoht out ” 
to know even the sound of the term “ moribund.” Again, those 
who should be in a position to judge speak of a resting time, or of a 
period of comparative leanness in the natural sciences. Is it there¬ 
fore fantastic to hope that some of those who have undergone the 
discipline of a scientific training may feel inclined to join in these 
efforts, immature and elementary though they may be ? 

Perhaps the art historian will find much to interest him in follow¬ 
ing the chronological development of man’s mastery over recal¬ 
citrant materials, and so discover some common measure of concern 
with technique. But in any event, the call is to those who are 
prepared to spend year after year, with very little to show for their 
labours, in observation, thought and experiments. 

Note ok Flatbs I ahd II 

According to Stout’s concept of Paint structures there are three main 
classes: 

(а) granular; 

(б) vehicular: 

(c) pellictdar. 

In (a) there is little or no binding medium, whereas in (h) there is oemsidMr- 
able binding content, (o) contaixu the “ glazes ” and extreme case of 
a pigment-fiee film. In addition, there are various sub-classes. 

Fig. 1 is “ lean-vehicular ” : Fig. 2 is “ looked-gram:^ ” : Fig. 8 is 
“vehicular,” and Fig. 4 “paste-vehicular.” 



PLATE I 



FlCi. 1.- “ (Va<'kl(^(or hvatoin of fiiu) firtKures), characka iMt io of lifk'i'iith-century 
Jlaliuii totupora in perfect condition (X l>). 



Fio. 2.—Htructuro of Italian froBCn (c. 1450), incUeating atorio “ support.” Fragment 
from the Porta Romana, Sieiui (X 2). 

(Hy kind permitmion of the Trwdme of the NalUmal UaUery.) 



I’LATE II 



3 .—Example of Kuheiis’ lochiiicpie (H»35), built iij> in ntrata with local 
iinpuHto (X 2). 



Yig. 4.—Example of modern (late nineteenth-century) “ direct technique ’* (X 2). 
iJiy kind permUsion of tti4 TruMooH of thA National OalUry,) 


RECENT ADVANCES IN SCIENCE 

BCATHEMATICS. By J. H. C. Whitkhkad, M.A., Balliol College, Oxford. 
The Foundations of Differential. Geometry : I.—^Towards the 
end of the last century mathematicians had agreed that there are 
many systems of geometry, such as the Euclidean, affine, projec¬ 
tive, elliptic and hyperbolic geometries. I have explained in an 
earlier article how Klein, in his Erlanger Programm, threw both 
the similarities and the differences between these geometries into 
relief by describing a geometry as the study of properties which 
are invariant under the transformations of a given group. In its 
philosophical background this differs little from what we may 
suppose to have been Euclid’s conception of geometry. Euclid’s 
geometry is based on the notion of congruence, or “ equality ” 
between figures in space, and the test of equality, at least in plane 
geometry, is whether or no either of two given figures can be 
superimposed upon the other. This process of “ bringing one 
figure up to another ” is now described as a transformation con¬ 
sisting of a translation followed by a rotation, in other words by 
a transformation of the Euclidean group. In Klein’s definition of 
geometry Euclidean space is replaced by an abstract set of points 
and the Euclidean group by an arbitrary group of transformations 
in a given space. 

However, before Klein’s definition appeared, Biemann had put 
forward a concept of geometry which differs essentially from 
Euclid’s or Klein’s. Biemann started with the differential geo¬ 
metry of surfaces developed by Gauss but, instead of taking a 
surface to be a locus in ordinary space, he thought of it as a 
2 -dimensional world, confining hims^ to the intrinsic geometry 
of the surface, which is defined as follows. Let a surface be given 
parametrically by equations of the form 

X = ar(«i, «,), y « y(«i, «,), * = *(«„ «,). 

^Bie parameters Ui, «•, which we take to be real numbers, are 
generally subjeot to an inequality of the form \Ui — a^l < d, where 
Ou and d are constants. This is a characteristic feature of 

fiOS 
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diiBFerential, or “ infinitesimal ” geometry, whose theorems generally 
deal with an arbitrarily small region containing a given point 
(«i» «*) (the geometry at the point (aj, ad)- The element of arc 
of a curve on the surface is given by 

ds^ = dx^ + dy* + dz^ 

-- giidui^ + 2g^^luidn^ + g^^du^^. 


where 


dx dx By By Bz Bz . , 
Bu^ Buj ^ Bu^ Buf Bu^ Buj ^ 


This expression for ds^ as a quadratic differential form in (du^y du^) 
is called the first fundamental form of the surface. Its geometrical 
significance can best be seen by considering a curve on the surface, 
given by the arc length of which, measured from the 

point U to the point txy is seen to be 


|Vyn«i* + 2i 


I dt, 


where Uj == dujdi. 

In the classical theory the differential geometry of a surface 
is based upon the first fundamental form and a second quadratic 
differential form which, with an error in the third order, gives 
twice the (second order) perpendicular distance from the point 
{Uy duyy Ut dut) on the surface to the tangent plane at (tii, u%Y 

Now the parameters Uyy w, may be arbitrary, subject to certain 
conditions of differentiability on the transformations by wliich one 
passes to other parameters. Let v,, v, be related to Uu by 
equations of the form = Vi(tt„ Uf), Since 

(1) ^ g^ydui^ + 2gy4uidut f gt4ut^ == 

hiidvi^ + 2hy^VidVf + 

being the coefficients of the first fundamental form in dvy, dv., 
it follows that 

/o. j. _ 


/„v I V Suidu 

( 2 ) 


Conversely, the relations (2) imply (1). Similar relations to (2) 
hold between the coefficients of the second fundamental form 
expressed in terms of and of v„ »*. In consequence of the 

relations (2) the two quadratic forms which appear in (1) are said 
to be equivalent. 

Transformations of the form «,) can arise in two 

ways. First, as in the last paragraph, u, and v„ may be 
two sets of parameters for the same point. Secondly, a„ may 
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be parameters on a surface S and v,, v, on a surface S*. In this 
case the equations == u,) define a transformation in which 

the point {Ui, w,) corresponds to the point (Vi, Vi). If the two 
fundamental forms of S are equivalent to the fundamental forms 
of S* the two surfaces have the same differential geometry. In 
fact, it can be proved that S is transformable into S* by a Euclidean 
transformation. That is to say, they differ only in their position 
in space. 

It would not bo unreasonable to descril>e the abstract theory 
of these two fundamental forms as the intrinsic geometry of the 
surface. However, the term is generally understood to mean the 
theory of the first fundamental form only. The geometrical intui¬ 
tion behind this is that the “ internal metric structure of a surface 
S is not altered by a deformation in which S is not stretched, and 
if a surface S* is obtainable from S by such a deformation then 
the fundamental forms of 8 and S* are equivalent (actually the 
simplest mathematical definition of a deformation without stretch¬ 
ing ** is one which leaves ds^ unaltered. This is justified by the 
fact that the length of a given curve remains constant throughout 
the deformation). Thus the intrinsic differential geometry of a 
surface is the study of those proi)erties of the quadratic form ds* 
which are unaltered by a transformation of the parameters Wj, Ut, 
in other words those pro^HJities which are the same for all equivalent 
forms. 

I have written at some length on familiar matters in order to 
emphasise two concepts ; the relation of equivalence between two 
quadratic forms and the concept of a geometry as the study of 
those properties which are not altered by a transformation of 
variables. Examples of such properties are the length of a curve, 
the angle at which two curves intersect and the total curvature 
at any point. The latter, tliough usually defined in the first place 
as an invariant of the two fundamental forms, actually dejiendB 
only on the metric. This is apparent from the following theorem 
which, if for no other reason, deserves a place of honour in the 
theory of surfaces. Let ABC be a geodesic triangle containing in 
its interior a point P. It should perhaps be explained that a geo¬ 
desic is a curve, any “ short segment of which is the shortest 
curve joining its end points. The term “ short ” simply means 
shorter than some positive and excludes, for example, the seg¬ 
ment described by a voyage round the equator to within a mile 
of one^s starting-point. A geodesic triangle is one whose sides are 
geodesics. The theorem is that, as A, B and C tend to P, then 

(A -H B + C — n)/A 
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tends to the total curvature at P, where A, B and C are the angles 
at the vertices and A is the area of the triangle. 

Having grasped the notion of intrinsic geometry Riemann did 
not confine himself to a 2-dimensional space, but introduced what 
is now known as n-dimensional Riemannian geometry. Ho started 
with an w-dimensional manifold, whoso points can be represented 
by n real co-ordinates x^, . . r” (the indices are written above 
rather than below for reasons of formal elegance. There will be 
no confusion with exponents) which, as when n ^ 2^ are generally 
subjected to an inequality of the form — a*| < (5. A (1 — 1) 
correspondence between a sub-set of the points in the manifold 
and ordered sets of real numbers is called a co-ordinate system, 
and the co-ordinates may be changed by any transformation of 
the form 

yi ^ ^ 

provided the functions a:") satisfy certain differentiability 

conditions in the region under consideration. So far I have been 
describing not a “ Riemannian space,'* but what may be called a 
“ smooth manifold," the smoothness coming from the differenti¬ 
ability of the functions defining the transformations of co-ordinates. 
It is analogous to a description, in general terms, of a surface with 
a continuously turning tangent plane but without any particular 
metric structure. We now introduce a metric in the form of a 
quadratic differential invariant 

71 n 

da^ = ^ 2^9ildx*dx> (gr^ = g^), 

i-i ^-1 

whose coefficients, are functions of x^, . . af*. We may omit 
the summation signs, on the understanding that a rej>eated index 
implies summation for values of that index running from 1 to n. 
Thus 

ds® = g^jix^j 

= gii{dx^)* + . . • + gi^^dx* + gtidx*dx^ + . . . 

= giiids^y + . . . + 2gt^dx^ + . . . 

More precisely, we associate such a quadratic form with each 
co-ordinate system in such a way that 

• (3) hj^^'dy^ = g^^d^, 

where is the form in co-ordinates (y>, , . j/"), and the 

equality (3) is between values of da}, . . da:” and dy®, . . dy” 
which are related by the equations 

df = dx^ 
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From these relations and (3) we have, as when n = 2, 

(^) Apff = 

The relations (4) are a special case of what is called the transforma¬ 
tion law of a tensor. Equivalence and invariance under trans¬ 
formations of co-ordinates are defined as when n — 2, and n-dimen- 
sional Riemannian geometry is the study of the properties of 
quadratic differential forms which are unaltered by transformations 
of co-ordinates. 

As before, the word “ property ” may mean, for example, a 
function of the functions and their partial derivatives {e.g. the 
total curvature), a numerical function of two or more points (e.g. 
the distance between two points) or a set of loci. Among the 
latter the geodesics are the most important. If the quadratic 
form gijdx^dx^ is positive for all values of d*’, . . ., da;" other than 

0 .0 the geodesics may be defined as above, the length of 

the segment of a curve x* = x’(<) joining U to being given by the 
integral 




ixV dt. 


In any case they are the curves which satisfy tlie differential 
equations 

. y,. dx^dx^ 

(6) + r,^-^ di 

where the functions are given by 


m n. - 


9{/pfc ^9ik\ 


in which gr*" = 9 being the determinant Thus 


_<p_ jaI — 0 if t 
? 9p} = = 1 if i = j. 


If the functions are related to g^^ by the equations (4), and if 
alj. are given by (6) with g replaced by h, it may be verified that 




and hence that 


dx* daf^ \9y»> 

' dy^dy'/da^ ’ 


dy* dj/' •V’/^ , ri ^ 
df dt dt dx*\df dt dt)' 

If, therefore, a curve x* » x\t) satisfies the equations (6), the same 
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curve, given in co-ordinates y*, . . y"byy* ==y*{x*(0. • • •> ®"(0}, 
satisfies the equations 


I At’ ^ 

df dt dt 


- 0 . 


That is to say, the property of being a geodesic is invariant under 
transformations of co-ordinates. Notice that if tljere is a co-ordi¬ 
nate system y*, . . y" in which the functions are constants, 
which in general there is not, then the geodesics are given by the 
differential equations 




= 0 , 


or by the finite equations 

y*- - av + Pt, 

where and P are constants. In this case the space has the same 
infinitesimal geometry as Euclidean space and is descrilied as 
“ flat.” 

Riemann’s formal apparatus was the basis of a chapter in 
mathematics which came to be known as the “ absolute differential 
calculus,” being so described by the Italian mathematicians Ricci 
and Levi-Civita who contributed more, perhaps, than anyone else 
to its development. But, with one remarkable exception,* no one 
seems to have taken Riemann’s work very seriously as a contribu¬ 
tion to geometry until Einstein’s discovery of general relativity. 
According to the latter, physical space-time is to be regarded ae 
a 4-dimensional Riemannian space, in which matter and gravita¬ 
tion appear as purely geometrical phenomena. This was followed 
by great activity in the mathematical development of Riemannian 
geometry and of other analogous kinds of geometry, some of, which 
have been applied to relativity in various attempts to give a 
geometrical description, not only of the gravitational, but also of 
the electro-magnetic field. I hope in a second article to describe 
some of the post-relativity developments in differential geometry. 
I will conclude this first article with a few comments on a well- 
worn topic, the curvature of space. 

Riemannian geometry naturally inherits much of its terminology 
from the theory of surfaces, which is largely concerned with the 
study of curvature as Newton understood the word. In particular 


* W. K. Clifford (CoUeded Papera). Clifford saw tho full importance of 
Riemann’s contribution to geometry. He translated Riemann’s memoir, 
“ fiber die Hypothesen, welohe dor Qeometrie zu Gnmde liegen ” and, in 
what should perhaps be called a brilliant guess, anticipated the oharaoter- 
istic feature of general relativity by over half a century. 
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muoh in Biemannian geometry centres round what is called the 
“ curvature tensor,” the var ishing of which is necessary and suffi¬ 
cient for the space to be flat. From the mathematical point of 
view this terminology is good. It is vivid and points to useful 
analogies. Moreover, a curved surface is a useful model of a Rie- 
mannian space. But here the danger of confusion begms, since 
the curvature of a sphere, for example, is visualised as a relation 
between the sphere and a S-dimensional Euclidean space contain¬ 
ing it. Also a great circle which is a geodesic on the sphere is 
curved in the Euclidean space. Therefore, in order to understand 
the nature of Biemannian geometry in general, and of relativity 
in particular, one must thoroughly master the concept of a geo¬ 
metry as the intrinsic theory of a given tensor rather than the 
study of a locus in Euclidean space. Again it is essential to realise 
that the geodesies are the straight lines ” of Biemannian geo¬ 
metry. The difference tween Biemannian geometry in general 
and the 8|)ecial case of Euclidean geometry is not that the former 
deals with curved geodesics,” rather than with “ straight lines,” 
but that the relations of Euclidean geometry do not, in general, 
hold between the geodesics. As we have seen, the angles of a 
triangle do not necessarily add up to two right angles, and in this 
context the word '' curvature ” should not primarily be thought 
of as a reference to some kind of “ bending,” but as a measure 
of such discrepancies between Euclidean geometry and Biemannian 
geometry in general. 

Good books on the subject are L. P. Eisenhart’s Riemannian 
Oeometry, T. Levi-Civita’s The Abeolute DiffererUial Calcvlua, and 
E. Cartan’s La Oeoinitrie des Espaces de Riemann, 

ASTRONOMY. By A. Hunter, Ph.D., F.R.A.S.. Royal Observatory, 

Greenwich. 

In the last issue of Science Progress the current state of the 
problem of time measurement by astronomical observations was 
reviewed. The present report deals with the astronomical side of 
time-keeping. The two are, of course, complementary aspects of 
the same subject—^that of providing a public time-service. 

The astronomical clock may be considered a means of inter¬ 
polation between astronomical observations, just as the domestic 
clock is nowadays a means of interpolation between radio time- 
signals. Even in the early days of water-clocks, calibrated candles, 
sand-glasses, and the like, the time-interval measured by the 
particular means employed was no doubt always known approxi¬ 
mately in terms of the solar day. It is when the other function of 
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the clock is invoked—^that of extrapolation, i.e. time-forecasting— 
that trouble arises. As will appear presently, the efforts of the 
modem astronomical horologist are now directed towards improving 
the clock’s performance in this second respect. Improvement will 
automatically follow in the first. 

The perfect astronomical clock, once adjusted to give no zero- 
point error, will indicate correctly the time given by all subsequent 
observations, if these are themselves perfect. Such a clock will 
represent the period of rotation of the earth as the sum of the equal 
intervals between a number of regularly recurrent phenomena. 
For convenience of interpolation, this number should be large. In 
the case of the pendulum clock, it is traditionally 86,401. Modern 
methods, however, are tending to employ periodicities thousands of 
times greater than this, but the principle is the same. The rotation 
period of the earth may of course be referred to any astronomical 
body or set of bodies, but, as was seen in the last report, the only 
satisfactory bodies are the stars. Astronomical clocks therefore 
show sidereal time. The mean solar time in practical everyday 
use is obtained from this by suitable adjustment, this adjustment 
depending on the fact that the number of sidereal days in the year 
exceeds the corresponding number of solar days by one. Clocks 
showing true solar time—that shown by sundials—would be need¬ 
lessly complicated in construction, and moreover useless when 
constructed. 

The perfect sidereal clock remains, of course, only an ideal. 
The astronomer would be quite satisfied with one whose divergenbe 
from perfection can be stated with confidence at any moment. 
For this purpose the clock should have a predictable rate of change 
of error. In practice this condition means that the clock should 
have a constant rate, which, if the error is to remain small (though 
this is purely a matter of convenience), should itself be very small. 
The extrapolation process is then as easy as that of interpolation, 
and the time can be forecast with an accuracy depending only on 
the precision with which the rate can be determined. 

In order to appreciate how far the astronomer’s search for a 
clock of constant rate has progressed, we must enquire a little more 
deeply into the nature of the “ regularly recurrent phenomena ” 
referred to above. The accurate subdivision of the day may be 
said to date from the discovery by Galileo in 1681—^traditionally 
from observations, timed by his pulse-beat, of the swing of a chan¬ 
delier in Pisa Cathedral—of the isochronism of the simple pendulum. 
The clock constructed in 1667 by Huygens using this principle at 
once ousted the timepiece of the day, which employed the Foliot 
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inertia balancje, and which could only be relied on to the nearest 
hour. A principle, however, is one thing ; its practical realisation 
is another. There were two points on which progress was held up : 
the pendulum haxi to be kept swinging against toction, and it had 
to provide impulses for recording the number of swings. It is no 
exaggeration to say that despite the enormous strides in clock¬ 
making since those days, these two points are still the stumbling- 
blocks to future progress in pendulum clock design. The crux of 
the matter is that both requirements involve interference with the 
pendulum during its swing, with consequent deleterious results on 
its timekeeping. 

Hooke’s anchor escapement, which had displaced the old crown 
wheel and verge escapement by the end of the seventeenth century, 
performed both these offices simultaneously. It was unlocked by 
the pendulum at each swing, thus permitting the wheelwork to 
advance one step, and at the same time it transmitted to the 
pendulum sufficient energy from the driving weight to compensate 
for all sources of loss during the last swing, including the previous 
unlocking. The accuracy of which this escapement was capable 
exceeded the astronomical requirements of the day. In a modified 
form due to Graham, the dead-beat escapement, it is still first-class 
horological practice. Bolstered up by secondary improvements in 
the pendulum itself, such as arc reduction and control, temperature 
compensation, barometric compensation, etc., it kept pace with 
astronomical technique for nearly two centuries. But at the best, 
its rate cannot be guaranteed to much more than 0*2 sec. per day. 
By the beginning of the present century, the advances in observa¬ 
tional technique described in these pages last October had made an 
accuracy of 2 parts in 10® insufficient. The astronomer was uneasily 
conscious that a week’s bad weather might throw his predictions 
out by a second or more. 

The first great advance was the general recognition of the 
principle that the maintaining impulse must be given at zero, i.e. 
at the rest position of the pendulum, if interference with the swing 
is to bo minimised.^ The Riefler clock realises this principle by 
impulsing its pendulum every second through the suspension spring 
at the moment when it is vertical. The pendulum rod is of invar, 
and the clock is mounted in an airtight case at a pressure of some 
700 mm. mercury. The drive is by a falling weight of 10 gm., 
wound electrically every 40 seconds. With a stable mounting at 

^ Tliis principle has, however, not remained nnohallonged. Experimental 
and theoretical support for impulsing after zero has been odvanc^ by F6ry 
and Stoyko, Ootnpfes Emdua, 194^ 689, 1982. 
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constant temperature, a precision Riefler clock of this type can main¬ 
tain a rate constant to ± *016 sec. per day for 3 months. The major 
part of this tenfold increase of accuracy over previous astronomical 
timekeepers must be attributed to the virtues of the Riefler escape¬ 
ment. The major part of the residual instability of rate must be 
attributed to the system’s vices. Prominent amongst those latter 
is the frequency with which energy is imparted to the pendulum. By 
sufficiently reducing the pressure in the clock-case, atmospheric 
friction can be removed ; energy will then be lost mainly in over¬ 
coming the viscosity of the suspension and in turning the wheel- 
work which counts the swings. If only the pendulum could be 
relieved of this latter function, a few foot-pounds per annum would 
suffice to keep it swinging, and impulses and their attendant dis¬ 
advantages could be reduced to a minimum. 

The ‘‘ free pendulum resulted from this idea. A real pendtilum 
cannot of course be truly free : it must be kept swinging, and to that 
extent the term is a misnomer. But the Shortt clock of 1921 
realises the ideal in so far as it can be realised. This clock consists 
of two similar synchronised pendulums, the master pendulum 
which keeps ” the time, and a slave |)endulum which records and 
distributes it. Attempts had been made before at putting all the 
work of the escapement on to an auxiliary clock ; notably those of 
Rudd in 1898, of Gill at the Caj)e Observatory in 1904, and of 
Bartrum in 1913. The Shortt clock was, however, the first really 
successful design. The master pendulum, swinging in an evacuated 
case, is impulsed at zero every half-minute by the fall of a gravity 
arm, released by the slave, on top of a wheel it carries, 7 in. below 
the suspension. As the pendulum swings out, the arm falls clear 
at a definite jihase, and sends a synchronising current to the slave. 
The slave is then running in phase and is ready to release the gravity 
lever for the master at the next half-minute. Meanwhile, it counts 
the vibrations, transmits time-signals, “ rewinds itself and the 
master, and in general relieves the master jiendulum of all restraint. 

The performance of the first Shortt clock installed at the Royal 
Observatory, Edinburgh, in 1921, caused something of a stir. 
Fluctuations in its daily rate were only of the order of *003 sec., 
representing a five-fold gain over the Riefler clocks which had been 
astronomical standards for a quarter of a century. It will be 
remembered that by this time use of the impersonal micrometer on 
transit circles was standard observatory practice; a good night’s 
observations could give a time determination whose probable error 
was ±’01 sec. Now the astronomer was confronted with a clock 
whose daily rate was constant to about one-third this amount. He 
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responded by reversing the normal procedure and plotting transit 
observations on either side of a line representing the extrapolated 
clock rate, instead of plotting clock errors on a graph rex^resenting 
the transit observations. This procedure is still followed at Green¬ 
wich, where the rate is now, however, that of a mean clock which 
represents the average of seven Shortt clocks. The Shortt clock, 
then, is so good that once it has been rated, a single observation of 
time from it is more likely to be accurate than that from a single 
night’s work at the telescope. The initial rating, of course, has to 
be done with the aid of transit observations, which are by definition 
accurate in bulk ; and subsequently any systematic deviation of 
the observations from the rate line must be attributed to clock 
errors ; but the fact remains that the Shortt clock is good enough 
to show how the short-term periodicity due to nutation affects the 
transit observations. For the first time since the discovery, two 
centuries ago, of the non-uniformity of the precessional motion of 
the equinoxes, mean sidereal time has become more tlian a scientific 
abstraction ; apf)arent sidereal time no longer suffices for checking 
the performance of the modern j^recision clock. 

We now have fifteen years’ experience with Shortt clocks. In 
spite of their high j)erformance, it must be admitted that they are 
by no means x>«rfect. Residual irregularities exist, so small as to 
be masked in any other tyx)e of clock by escapement errors, but 
nevertheless big enough to l)ecome of importance when the pendulum 
is freed from the necessity of ox)erating the e8cai)ement. Certain 
of these errors have been traced, and either eliminated or studied 
in detail with a view to applying corrections. For instance, slight 
temx)erature variations in the clock-room can bo allowed for by 
invoking the known expansion coefficient of invar. So, too, an 
attempt can be made at predicting the amount of the secular growth 
to which invar is imfortunately subject.^ Many of the variations 
of rate are associated with variations of amplitude. Each half¬ 
minute imx)ulse alters the semi-amplitude by 6 seconds of arc, an 
amount which would, if maintained, alter the rate by several 
thousandths of a second of time per day. But over and above this, 
unknown causes may alter the semi-arc on occasion by 20 seconds. 
The performance can be improved by correcting for this tyx)eof varia¬ 
tion so as to reduce to a constant amplitude. Photoelectric control 
of the arc (see Tomlinson, Proc, Phya. Soc., 45, 41, 1933) may in 
future render this tedious procedure unnecessary. It has already 

^ Such growth has been known to reach 7 microns por metre per annum. 
Since a micron's increase in length causes a simple seconds pendulum to 
lose over *04 sec. per day, the effect is serious. 
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been shown that with a standard pendulum swinging in air at 2 cm. 
mercury, the acceleration caused by a small reduction of pressure 
is counterbalanced by the circular-error retardation resulting from 
the consequent increase of arc. 

After all known causes of irregularity are removed or corrected 
for, however, there still remain occasional sudden, unpredictable 
changes of rate against which even a combination of seven clocks is 
powerless. The average change is not very much (-01 sec. per day 
is considered large), but such a change occurring at the beginning 
of a 8i>ell of cloudy weather may remain undetected for a week or 
more, by which time the extrapolation is seriously in error. In the 
belief that we are now approaching the limit of accuracy of which 
pendulum clocks are ultimately capable, horologists have, during 
the past few years, l)een exploring the possibilities of other clocks, 
quite different in principle. The immediate aim is to produce a 
clock, if possible independent of gravity, which can be used as a 
check on the variable rates of present observatory clocks. We 
shall see how the ultimate result may well be to dispense with the 
pendulum clock altogether. 

In most of the new clocks a natural high-frequency oscillation 
(high, that is, compared with the 1 cycle/sec. of the ordinary 
pendulum) of some stable mechanical vibrator is maintained electric¬ 
ally. Subsequent stages step down the frequency to a convenient 
value for time-keeping purposes. The rapid growth in radio 
technique during recent years has been responsible for much of 
the advance along these lines, for obviously a frequency standard 
used for controlling say the 50 Idiocycle/sec. carrier wave of a 
broadcasting station can in principle be regarded as a time standard 
with a unit of 0 00002 sec. 

Oscillators in experimental use at present consist of tuning- 
forks driven electromagnetically, bars maintained in longitudinal 
vibration by magnetic, electrostatic, or magnetostrictive forces, 
and quartz crystals kept oscillating by means of the inverse piezo¬ 
electric effect. Space forbids the discussion of each in detail, but 
the precision attained in the various types will be of interest. 

An elinvar tuning-fork designed by Dye at the National Physical 
Laboratory (Proc. Boy, Soc,, A, 143, 285, 1934) has a natural period 
of 1000 cycles/sec. constant to 1 part in 10^ if its temperature is 
controlled to ±-006° C. With complete elimination of pressure 
and voltage changes, it is believed that this accuracy could be 
maintained over a period of months, whilst over short periods 1 part 
in 10® would be easily reached. The best pendulum clocks are 
some three times less accurate than this. 
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Sears and Tomlinson {ObaervaUify, 57,191,1934) are developing 
a clock which uses the electrostatically-maintained longitudinal 
vibrations in a 1 m. elinvar rod kept at a temperature controlled 
to ± *002° C. The natural frequency of about 2366 cycles/sec. 
is applied direct to a phonic motor which is geared to provide a 
final speed of almost exactly 1 rev./sec. A Shortt clock employed 
to time this form of oscillator is itself such a relatively poor time¬ 
keeper that it can detect no variation in rate. Intercomparison 
with a quartz crystal oscillator suggests that the daily rate varies 
by ’001 sec. at most. 

Clocks whoso working depends on the supersonic oscillations of 
quartz crystals deserve more than the passing mention with which 
we have had to dismiss the other types, for they appear at present 
to offer most advantages over pendulum clocks, and because more 
time has been devoted to developing them than any of the other 
new oscillators. Their chief advantage lies in the stable mechanical 
properties of quartz. An alternating electric field applied across the 
faces of a quartz crystal, suitably cut, sets up a forced mech¬ 
anical vibration whose amplitude is increased to a value of the order 
of the wave-length of light when resonance occurs at a natural 
period of the crystal. Natural periods of realisable crystals corre¬ 
spond to alternations of the order of 10^ or 10^ cycles/sec., and a 
circuit tuned to the appropriate frequency will maintain the oscil¬ 
lations indefinitely. For timekeeping purposes, multivibrators, 
such as are used for the measurement and control of frequency, 
are employed, singly or in cascade, to produce subharmonics of 
the master frequency. By this means a frequency of 1 cycle/sec. 
could be obtained, but in practice, the last downward step in fre¬ 
quency is usually performed by a synchronous motor which drives 
a clock dial directly. 

The earliest quartz clocks were made ten years ago at the 
U.S. Bell Telephone Laboratories. They proved their mettle (and 
incidentally that of the Shortt clock) at once by detecting, in the 
comparisons with Shortt clocks, a semi-diurnal term which is due 
to the lunar variation in gravity, a variation which, of course, 
affects the pendulums but not the crystals. Perhaps the most 
successful run yet obtained is that of a clock at the Reichsanstalt, 
which has a daily rate constant to ±^002 sec. over six months. 
Over periods of days, the frequency can be kept constant to within 
1 part in 10®. The element is a rectangular quartz bar 9 cm. long 
vibrating longitudinally, the second harmonic at 60,000 cycles/sec. 
being used. Unfortunately this geometrical form of crystal has a 
rdatively high temperature coefficient of frequency (—3 parts in 
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10* per “ C.), and a very closely controlled temperature enclosure 
is needed. The high frequency causes atmospheric damping to be 
an important factor, and in practice the crystal is operated in mono 
to avoid pressure variations. 

A new form of quartz clock developed at the National Physical 
Laboratory has proved so satisfactory that a duplicate is shortly 
to be installed at the Royal Observatory, Greenwich (see Proc. 
Phys. 8oc., 50, 413, 1938). The crystal is in the form of a cylindrical 
ring of mean radius 2-7 cm., whose axis is parallel to the optic axis 
of the quartz. Coaxial electrodes in a tuned circuit excite strong 
compressional waves of frequency 100,000 cycles/sec. round the 
circumference of the ring even in air at atmospheric pressure. 
The temperature coefficient can be reduced to zero at a convenient 
working temjjerature, and is only 1 part in 10* per ° C. at values 
ilO^C. from that temperatiu-e, so that relatively coarse control 
is sufficient. A clock of this type gives the extraordinary stability 
of ±4 parts in lO^® over hourly periods, and 1 part in 10* over a 
month or so. 

Whether or not quartz clocks are destined to supplant pendulum 
clocks in the observatories of the world is a question for the future. 
In their favour are their frequency stability, any change of rate 
being apparently slow and uniform ; and their ease of intercom- 
parison—this can be carried out between clocks in any part of the 
world in a few moments by obtaining beats at the radio frequency. 
On the other hand, they arc more elaborate than j)endulum clocks ; 
the average astronomer will be reluctant to pin his faith on a 
mechanism which involves as auxiliaries some 10 valves, a high¬ 
speed motor, and a number of batteries, and which must be run 
in a strictly controlled environment. They have yet to bo proved 
markedly better than Shortt clocks for long runs of the order of 
years. In this connection it should be remarked that the driving 
circuit must, of course, react to some extent on the oscillator itself, 
and compel it to vibrate, not strictly in its natural period, but 
in a slightly modified one. Any changes in the circuit, such as 
ageing of the valves, voltage variations, etc., must therefore react 
on the frequency. Renewal of the amplifying valve, for instance, 
is known to produce a change of rate, but this will be of little import¬ 
ance in a group of clocks used collectively as a standard, particularly 
as intercomparison is so accurate and quick. 

The quartz clock must be regarded as in its infancy, and 
consequently subject to teething troubles. It has nevertheless 
already proved itself some five times as reliable as the best pendulum 
clocks over short runs of the order of weeks. In ten years’ tiirta 
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modifications may well have been introduced which will enable us 
finally to relegate Galileo’s invention to the museum. 

PHYSICS. By F. A. Vick, Ph.D., Univorsity College, London. 

The Pkopertibs of Liquid Helium. —Water is sometimes referred 
to as “that liquid with amazing properties.” During the last 
twenty years it has been becoming increasingly evident that the 
properties of liquid helium are even more amazing. Nearly every 
week we find in Nature a letter describing another exciting experi¬ 
ment with liquid helium or suggesting a further explanation of a 
phenomenon already known. 

Helium was first obtained in liquid form by K. Onnes in 1908 
{Leiden Comtn., No. 108, and SuppL 21a). He found it to be a 
colourless, mobile liquid boiling at 4*22^^ K. under atmospheric 
pressure. His attem])t8 to solidify helium by boiling under reduced 
pressure were unsuccessful, the liquid remaining perfectly mobile 
even at 0*82'^ K. (0 013 mm. Hg. jiressure). This indicated a very 
different form of pressure-temperature diagram from that of other 
substances, with, perhaps, no triple point at which solid, liquid and 
vapour can exist together. In 1911 Onnes made the further observa¬ 
tion {Leiden Comm,, No. 119) that liquid helium has a maximum 
density at about 2*2^' K. (In this article all temperatures are 
reduced to the 1932 scale. The earlier scale was rather higher.) 
This was confirmed by more accurate measurements of Onnes and 
Boks {Leiden Comm,, No. 1706, 1924). The density rises by about 20 
per cent, as the temperature falls from 4*2'^ K. to 2*19^ K., reaching 
a maximum of 0*1462 gm./c.c., and just below this temperature 
there is a sudden drop (perhaps discontinuous), the density becoming 
approximately constant below 1*6° K. Just above 2*19° K. the 
coefficient of expansion is + 0*022 per degree, and just below it is 
— 0*0426 per degree. 

The curve of dielectric constant against temperature has a very 
similar shape (W. H. Keosom and M. Wolfke, Leiden Comm,, No. 
192a, 1928). The combined observations led to the suggestion 
that liquid helium can exist in two forms, I above 2*19^ K, and II 
below this temperature. Following a suggestion of Ehrenfest, the 
transition temperature is called ‘‘ the A-point ” (W. H. and A. P. 
Keosom, Leiden Comm,, No. 221d, 1932). The symbol “A” is 
often used for latent heat, which implies a transformation. No 
surface of separation can be seen between the two forms of liquid 
helium, but, as described by MacLennan, Smith and Wilhelm 
{Phil, Ma^,, 14, 161, 1932), when the pressure above the liquid 
is lowered slowly, and the temperature with it, there is a sudden 
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change in appearance of the liquid as the A-point is passed, rapid 
ebullition giving way to a perfectly clear and tranquil liquid. 

Meanwhile, helium had been solidified by Keesom (Nature, 118 , 
58 and 81, 1926 ; Leiden Comm., No. 1846, 1926), who subjected 
the liquid to the combined effect of high pressure and low tempera- 
ture. He was able to determine the pressures at which helium 
solidified at various temperatures, and so trace out the melting 
curve. This we can combine with the vapour pressure curves of 
liquid helium (Keesom. Wel)er, Norgaard and Schmidt, Leiden 
Comm., No. 202, 1929) and the variation of the ^-temperature 
with pressure (Keesom and Clusius, Leiden Comm., No. 2166, 1931) 
to give the pressure-temperature diagram of helium. Thus in the 
figure, A'A'C is the melting curve, and AiB the vapour pressure 
curve. The co-ordinates of X are T == 1-753^ K., p = 29*91 atmo¬ 
spheres, and those of X arc T ~ 2*19° K., p ^ 3*865 cm. Hg. The 
critical temperature and pressure of helium 1 are 6*1° K., and 2*3 
atmospheres. 



Temperatures below 4t' K. are often measured via the vapour 
pressure curve of helium, so the equations of the curves AA and AB 
have been worked out carefully. They are 

for AA logio^ -= 2*036 - 3-859/T + 0*922 logxo T 
for AB logtop = 1*217 3 024/T + 2*208 log^o T 

where pjs in cm. of Hg. In order to make it visible, AXB has been 
drawn with a larger scale of pressure than A'A'C. It will be seen 
that vapour and solid cannot exist together. 
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The density-temperattire (/> — T) curves have been plotted 
accurately by W. H. and A. P. Keesom {Leiden Comm., No. 224, 
and Suppl. 766; Physica, 1, 128, 1933-4). Sudden changes in 
density occur along being more pronounced at the higher pres¬ 
sures. For helium II dp/^—^0 as T —> 0. Also, van Urk, 
Keesom and Onnes {Leiden Comm., No. 179a, 1926) found that the 
surface tension y rises linearly with fall in temperature down to the 
^-point, changes suddenly, and becomes nearly constant below 
1-6° K. Thus dy/dT 0 as T 0. We can see from the p — T 
diagram that the melting-point curve becomes nearly horizontal 
below 1*5” K. These three results are in agreement with the 
Nemst Heat Theorem, which states that changes taking place at 
absolute zero do so without change in entropy. 

Calorimetry of solid and liquid helium has been carried out at 
Leiden, heat being generated electrically and temjwature measured 
by resistance thermometers. Rate of change of temperature gives 
data for specific heats, and absorption of heat at constant 
temperature data for latent heats. Some latent heats of fusion 
are 0-836 cal,/gm. at 2-6° K., 1-089 cal./gm. at 3 0° K. and 1-365 
cal./gm. at 3-6° K. (W. H. and A. P. Keesom, Physica, 3, 106, 
1936). Inserting these values and the corresponding densities in 
the Clausius-Clapeyron equation, we find the change in melting- 
point with pressure to be 0-02° per atmosphere, which is in good 
agreement with the slope of A'C. The latent heat of vaporisation 
between 1*5° K. and 3-0° K. is about 5-6 cal./gm. only, with a small 
anomaly at the A-point (Dana and Onnes, Leiden Comm,, No. 179c, 
1926). This very small value emphasises the need for good heat 
insulation if the liquid is to be kept for any length of time (compare 
110 oal./gm. for hydrogen and 540 col./gm. for water). The latent 
heat of transformation from helium II to I is probably zero, certainly 
less than 0-002 cal./gm. Thus we can hardly speak of a change of 
phase, in the thermodynamic sense ; Ehrenfest calls it a phase 
change of the second order ” {Leiden Comm., Suppl. 766, 1933). 

The specific heat of the liquid in equilibrium with its vapour 
shoots from 2 caJ. por gm. per deg. to 6 cal. as the temperature 
rises to 2-19° K., and then suddenly drops to 1-6 cal. per gm. per 
deg., within perhaps 0-001° K. (W. H. and A. P. Keesom, Leiden 
Comm., No. 221d, 1932). These two workers have also studied the 
changes in specific heats at higher pressures {ibid.. No. 236d ; Physica^ 
2, 657, 1936). 

The specific resistance of liquid helium (Wolfke and Keesom, 
Phyeica, 3, 823, 1936), its optical properties (Satterley, Rev. Mod 
Phys., 8, 367,1936 ; Schubnikow and Kikoin, Phys. Zeits. Sotvjet, 10| 



SCIEKCB PEOOBKSS 


620 

119, 1936) and the velocity of sound in the liquid (Burton, Nature, 
141 , 970, May 1938 ; Findlay, Pitt, Smith and Wilhelm, Phys. 
Rev,, 54 , 506, Oct. 1938) do not call for much comment. The 
thermal conductivity, viscosity, and associated properties of the 
liquid are, however, of the greatest interest. During their work on 
the specific heats of liquid helium {Physica, 2 , 657, 1935) W. H. and 
A. P. Keesom inferred that the thermal conductivity changes suddenly 
at the A-point. Preliminary figures, obtained by immersing in the 
liquid two parallel flat coils of wire, one as heater and the other as 
thermometer, were published in 1936 (Physica, 3 , 359, May 1936), 
assigning to helium 1 a thermal conductivity of 6 x 10 ® cal. deg. ^' 
cm.~ ^ 8ee.“\ which is comparable with that of gases at room tempera¬ 
tures, and to helium II the astonishing figure of 190. This is 200 
times the conductivity of copper at room temperatures, and 3x10* 
times that of helium I. These figures provoked Allen, Peierls and 
Uddin (Nature, 140 , 62, July 1937) to repeat the measurements 
by, in effect, combining a vapour pressure thermometer wth a 
liquid helium manometer. A cylindrical glass bulb was sealed on 
the top of a capillary tube and contained an electric heating coil. 
It was evacuated, immersed in a liquid helium bath, and then filled 
with the liquid. The temperature of the heating coil was raised 
until some of the helium in the bulb evaporated. The difference 
of level in bulb and bath was measured by a cathetometer. At 
equilibrium the vapour pressure of the helium in the bulb could be 
calculated from the difference in hydrostatic pressure, and hence the 
temperature difference between bulb and bath (i.e. between the 
ends of the capillary). Heat flow through the glass walla was a 
small proportion only of that through the liquid. They reported 
that the calculated “ conductivity ” increased as the temperature 
gradient increased, reaching M x 10^ cals. deg.'“^ cm.“‘ sec.*"^ for 
AT = 5x 10“®° K., and T ~ 2*06° K. These results were not 
explained. 

Measurements of the viscosity of liquid helium had been made 
at Toronto (Burton, Nature, 135 , 265, 1935 ; Wilhelm, Misener and 
Clark, Proc, Roy, Soc., A. 151 , 342, 1936) from observations of the 
logarithmic decrement of a cylinder oscillating in the liquid. For 
helium I at 2-3° K., t] = 270 x 10“® poise, and for helium II at 
just below 2-2° K., 17 ~ 33 x 10”^* poise. Thus the viscosity of 
liquid helium is extremely low (compare rj ^ 10,000 x 10“~^ poise 
for water) and there is a change by a factor of 8 at the A-point* 
Kapitza pointed out (Nature, 141 , 74, Jan. 1938) that since the 
kinematic viscosity r//p is very small the Reynolds number, R, is 
much too large for the flow of liquid round the oscillating cylinder 
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to be laminaur, and therefore the Toronto value for t] is probably 
too high. Kapitza measured the viscosity by observing the flow 
of liquid between two optically-worked gloss discs. When the 
discs were nearly in contact (separation 0*5^) the flow of helium I 
could just be detected, w'hereas that for helium II was very rapid, 
and he calculated that for helium II is smaller by a factor of at 
least 1,600 than 7] for helium I. He also concluded that the flow 
was still turbulent. If, however, the flow is assumed to be laminar 
for a rough calculation, 7] — 10 ® poise is an upper limit for helium 
II, and this is 10" * of r] for hydrogen gas. Using the upper limit, 
R is about 60,0C>0, so turbulence is indeed to be expected. (R 
should not be greater than 890 for laminar flow—Davies and White, 
Proc. Roy. 8oc., A, 119 , 92, 1928.) Kapitza suggested that this 
small viscosity may make ]) 08 siblc an explanation of the high thermal 
conductivity, in terms of convection currents, turbulent motion 
being set up during ordinary manipulation of the liquid, and also 
may account for the observations of Allen, Peierls and Uddin. 

In the same number of Nature ( 141 , 76, Jan. 1938) Allan and 
Misener describe measuiements of viscosity by flow through capillary 
tubes. They found that the velocity of flow varied only slightly 
for large changes of pressure head and cross-sectional area. An 
upper limit of 4 x 10“ ® poise for t] is given, but they disagree with 
Kapitza*8 suggestion that the reason for the observed thermal 
conductivity can be assigned to undami)ed turbulent motion during 
the experiment. 

Allen and Jones continued the experiments on thermal con¬ 
ductivity (NaturCy 141 , 243, Feb. 1938) with the same apparatus 
as before, but with a narrower capillary and a temperatureof 1 08® K., 
small heat flows produced a rise in level of liquid in the closed bulb 
instead of the expected fall due to increased vapour pressure. The 
bulb was then changed to one open at the top; the level rose to a 
greater extent, determined by the heat flow. This effect was, of 
course, opposing the effect of increased vapour pressure in the original 
experiments of Allen, Peierls and Uddin, and may account for the 
non-linear variation of heat flow with temperature. The rise of 
level was shown in a very striking way when a capillary tube, 
connected at the bottom to a wider tube filled with fine emery 
powder and open to the liquid bath, was allowed to project above 
the surface of the liquid. When radiation from an electric lamp 
fell on the powder, a jet of liquid helium was observed to flow out 
of the top of the capillary, forming a ‘‘ fountain ” which rose as 
high as 16 cm. above the top of the tube. 

Interesting experiments were described by Daunt and 
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Mendelssohn (Nature, 141 , 911, May 1938) who suspended a small 
beaker by a thin glass fibre so that it could be lowered into a bath 
of liquid helium II. Heat entry was reduced to a minimum, 
observations being made by the light of a neon lamp. When the 
empty beaker was lowered into the liquid, it filled up to the level 
of the bath, though the rim of the beaker was above the liquid 
level. If then the beaker was raised, the level inside it fell at the 
same rate as the original rise, until the levels inside and out were 
again the same. By increasing the surface artificially with “ wicks 
of copper wire, it was shown that the effect was due to flow over the 
surface and not to distillation. Rato of flow increased as the 
temperature decreased. The phenomenon does not occur appreci¬ 
ably above the A-poiiit. The experiments appear to show that the 
surface of a solid in contact with liquid helium II is covered with 
a thin film through which the liquid is transferred to the lowest 
available level. The transfer may depend on viscosity, which 
decreases as the temperature goes down (this is unusual for a liquid). 

Experiments carried out by Kikoin and Lasarew (Nature, 141 , 
912, May 1938; 142, 280, Aug. 1938) on the thermjd conduction 
along a glass rod heated at the top and with its lower end in liquid 
helium II enabled them to estimate the thickness of the film as 
between 10“*^ and 10 ® cm., and showed that the thermal transfer 
is very high. This was confirmed by Daunt and Mendelssohn in 
a further communication (Nature, 142 , 475, Sept. 1938), in which 
they suggest that the whole heat transfer can be accounted for by 
actual flow of liquid. It is obvious that such flow of liquid along 
surfaces could vitiate measurements of viscosity by flow through 
capillary tubes if precautions are not taken. Bearing this in mind, 
measurements have been made by Giaugue, Stout and Barieau 
(Phys. Rev., 54, 147, July 1938) who give ry = 1‘1 X 10“’ poise at 
l ^OS'^K. and 3*8 x 10 ’ at 1-823'* K ; by workers at Toronto 
(Buiton, Nature, 142, 72, July 1938) giving 7 x 10“"® poise at 
2-16'* K ; and by Keesom and Mac wood in a series of experiments 
using an oscillating disc (Physica, 5, 737, Aug. 1938). Their results 
range from 1-24 x 10’ « at 1-304° K. to 29-8 x 10“® at 4-021° K., 
with some anomaly at the A-point. It api)ears that the viscosity 
tends to zero as the absolute zero of temperature is approached. 
The amplitude of oscillations of the disc was so small that the 
linear velocity of the edge was never greater than 0*3 mm./sec., 
making fairly sure that the motion of the liquid was laminar. 

Finally, to give some idea of the great experimental diflSoulties 
overcome at Leiden and other cryogenic laboratories, we will 
mention the X-ray study of the structure of solid and liquid helium 
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by Keesom and Taconis {Physica, 5, 161 and 270, 1938). Solid 
helium can be obtained only at pressures greater than 26 atmo¬ 
spheres. It was compressed in a thin-walled aluminium tube 
mounted axially in the camera and culpable of being rotated. The 
whole camera (including the film !) had to be kept below 11° K. ; 
this was accomplished by making use of the flow of liquid helium II 
up long cotton wicks dipping into a bath of the liquid. The thermal 
conductivity of the soaked wicks was then 200 times that of copper. 
The X-ray tube was on top of the Dewar vessel, Cu Ka radiation 
passing through nickel foil and an aluminium window. Keesom 
and Taconis concluded that solid helium probably has a hexagonal 
structure (close-packed). For liquid helium a horizontal jet was 
used, the liquid being raised from the bath by a centrifugal pump 
ninning at 2,000 revolutions per minute. Liquid helium I gave 
rings analogous to those of other liquids. Those for helium II 
fitted a structure based on a face-centred cubic lattice from which 
half the atoms have teen removed, in such a way that each remaining 
atom is surrounded by six other atoms and by six holes. 

The subject matter of this article has been confined to some of 
the more interesting experimental results. It is hoped in a sub¬ 
sequent article to deal with the significance of these results and 
with attempts to explain the striking differences of behaviour te- 
tween liquid helium I and II. The i)ropertieB of matter under the 
special conditions near the absolute zero are of great interest and 
fundamental importance. 

Smnmaries of earlier work on liquid helium are given by L. C. 
Jackson {Lfow Temperature Physicsy Methuen, 1934), J. Satterley 
(Rev, Mod, Phya,, 8 , 347, 1936) and W. H. Keesom (8ur lea Pheno- 
mines Lambda de VHeliumy Leiden Comm,, Suppl. 80, 1936). 

GENERAL AND ORGANIC CHEMISTRY. By O. L. Brady, D.Sc., 

F.I.C., University College, London. 

In recent years a considerable amount of work has been done on 
the alkylation of aromatic hydrocarbons and it may be useful to 
summarise the present position as regards reactions of this type. 

The classical method of introducing alkyl groups into aromatic 
hydrocarbons is that due to Friedel and Crafts (Compt, rend,, 1877, 
84 , 1392) using alkyl halides, RX, with anhydrous aluminium 
chloride as catalyst. 

C JI, -)- RX CgH,R HX. 

The reaction is reversible, and when hexamethylbenzene and 
aluminium chloride are heated in a current of hydrogen chloride 
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the methyl groups may be detached successively with the formation 
of penta-, tetra-, etc., methyltenzonea (Jacobsen, Ber., 1885,18, 339), 
In consequence, alkyl groups may be transferred from one nucleus 
to another, for example, when toluene is heated with aluminium 
chloride, benzene and m- and p-xylenes are produced (Copisarow, 
jr. Chem, Soc., 1921, 119 , 1806). 

2C,H,Me ^ -f 

Unsaturated hydrocarbons may replace alkyl halides, for ex¬ 
ample, isobutylene and m-xylene yield 3 : 5-dimcthyi-fer/.-butyl- 
benzene (D.R.P., 184,230). 

Me Mo 



Alkyl borates, prepared by heating an alcohol with boric acid, may 
also be used in jilace of alkyl halides and sometimes give better 
yields (F.P., 720,034, 1932). Secondary and tertiary but not 
primary alcohols may replace the halide (Huston and Hsieh, J, 
Amer. Chem, Soc,, 1936, 58, 439). 

CJle -f Me.CHOH.MeCeH.CHMe, -f H,0. 

A second alkyl group enters more readily than the first and 
consequently, even with an excess of benzene, mixtures of mono-, 
di-, etc., alkylbenzenes are produced. When it is possible isomeri¬ 
sation of the’ alkyl group occurs giving an increased branching 
of the chain, for example, n-butyl chloride gives acc.-butylbenzene 
and w-butyl chloride gives ter(.-huty\henzene (Shoesmith and 
McGechan, J. Chem, Soc., 1930, 2231). 

/CH,CH3 

C,H« 4 CH3(CHj),( HjCl CeH,.CH< + HCl 

CeH« -f C,H4C(CH,), 4- HCL 

When an alkyl group is already present in the nucleus, the dialkyl 
compound formed consists mainly of the meta- with a small amount 
of the pam-derivative (Shoesmith and McGechan, loc. cit.). The 
formation of a large amount of the weto-substituted compound ia 
contrary to the substitution rule and it is suggested that it is due 
to a greater stability of m-dialkylbenzines. Pam-substitution takes 
place first and is followed by a migration of the group. It has 
been found that p-dipropylbenzene on heating with aluminium 
chloride gave a considerable amount of m-dipropylbenzene. Ob¬ 
jection have been made to the suggestion that this change is due 
to the reversibility of the Friedel-Oafts reaction and the splitting 
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off of propyl chloride and re-alkylation on some such scheme as 
the following : 

Pr< ^ ^ Pr < ( ) >Pr + PrCl; Pr<^ ^ ^ Pr + PrCl -► 

Pr Pr 

Pr< [ ^ Pr —>.Pr< ^ ^ + PrO ; Pr< ^ ^ +PrCl -► Pr<; ^ ^ Pr 

since no isomerisation of the alkyl group occurs during the reaction, 
whereas propyl benzene with propyl chloride would give x^ropyl- 
wo~propyl benzene (Baddeley and Kenner, J. Chem, Soc., 1935, 
303). It has been reported, however, that isomerisation does occur 
during the migration of butyl groups in 1 : 3-dimethyl-4-butyl- 
benzene (Nightingale and Smith, 96th Meeting of the American 
Chemical Society, Milwaukee, Sept. 5, 1938, quoted by Price and 
Ciskowski, loc. cit,). 

Alkylation of l)enzene with certain alcohols in the presence of 
concentrated sulphuric acid has long been known (Verley, Bull, 
Soc, Chim,j 1898, 19, 68), but the reaction has been more fully 
investigated by Meyer and Bernhauer {Monatsh,^ 1929, 53, 721). 
Here again isomerisation of the alkyl group occurs when this is 
possible, propyl alcohol giving wo-propyl-, n-butyl alcohol «ec-butyl-, 
and sec-butyl alcohol f/Cri-butyl-benzenes. Benzyl alcohol reacts, 
but methyl alcohol does not, and ethyl alcoliol only at 170'' under 
pressure. In addition to mono-substituted derivatives, di- and tri- 
substituted compounds are formed, the second alkyl group entering 
into the -position to the first. 

More recently McKeima and Sowa (J. Ainer, Chem, Soc,, 1937, 
59, 470) have used boron trifluoride as a condensing agent. In 
this case methyl and ethyl alcohols do not react but n- and iso- 
propyl alcohols give mono-, di- and poly-t«o-propyl-benzenes, n- 
and scc-butyl alcohols yield ^cc-butylbenzenes and iso- and ferf-butyl 
alcohols teri-butylbenzenes ; cyclohexyl alcohol and benzyl alcohol 
also give mixtures of mono-, di- and poly-cyctohexyl and benzyl 
benzenes. In all cases the second alkyl group enters jmra to the 
first. 

The reaction has been extended by Price and Ciskowski {J. 
Amer, Chem, Soc,, 1938, 60, 2499) to the alkylation of naphthalene, 
but contrary to these authors’ hopes the alkyl group enters in the 
/3-position as is the case in the Friedel-Crafts reaction ; cyclohexyl, 
tert-hutyl, iso-propyl and benzyl alcohols all react satisfactorily with 
naphthalene in the presence of boron trifluoride to give /3-mono-alkyI 
derivatives with varying quantities of di- and tri-substitution com¬ 
pounds according to the amount of alcohol employed. 
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These authors discuss in some detail the mechanism of the 
reaction. McKenna and Sowa (loc. cit.) held that alkylene formation 
preceded the alkylation which then consisted in the addition of 
the alkylene to benzene, it having been found that alkylones, with 
boron trifluoride in the presence of another catalyst, usually sul¬ 
phuric acid, would alkylate benzene (Slanina, Sowa and Nieuwland, 
J. Amer. Chem, Soc,, 1935, 57, 1547). The sulphuric acid could, 
of course, convert the alkylene to the alcohol or to its sulphate. 
It was now found, however, that naphthalene reacted with cyclo* 
hexene in the presence of boron trifluoride alone to give a fairly 
good yield of fl-cycZohexylnaphthalene. There are, however, two 
objections to the view that the alkylene is an intermediate product, 
firstly cyc/ohexanol is not converted to rvoZohexene by boron tri¬ 
fluoride under conditions even more drastic than exist in the alkyla¬ 
tion process, and secondly benzyl alcohol, which reacts as readily 
as any secondary or tertiary alcohol cannot form an alkylene. 

Price and Ciskowski suggest an explanation of the mechanism 
of the reaction based on the electron affinity of boron trifluoride. 
They suggest that its catalytic effect may be due to a weakening 
of the carbon-oxygen bond in the complex formed between the 
catalyst and the oxygen containing organic compound 

H F H F r P 

•• •• •• •• I •• •• 

R : o : -f B : F ^ - R : o : B : F R : C) : B : F 

•• •• I •• •• 

F F F 

II] [11] 

The boron trifluoride-alcohol complexes [I] are strong acids indicat¬ 
ing a weakening of the oxygen-hydrogen bond and they ionise as 
in [II]. They consider it not unreasonable to suppose that there 
is also a weakening of the oxygen-carbon bond and that [I]j8 at 
least capable of ionising as in [III]. 

H F r* H F 

R : O : B : F : O : B : F -j- R® 

F L F J 

[1] [HI] 

and that the carbonium ion R® is the active alkylating agent."^ |[It 
is not necessary to assume that such ionisation takes place except 
in the presence of a compound capable of donating ele^rons to the 
carbonitun ion, for example, benzene, and even then the ion may 
have only a transitory existence, but for convenience the reactiooi 
may be represented thus using the free ion. 


o 

-f H® 
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The isomerisation that takes place in the alkyl radical during these 
reactions offers no difficulty, as the products are always such as 
one would expect if the electron deficiency in the alkyl ion migrated 
from a primary to a secondary and from a secondary to a tertiary 
carbon atom (Whitmore, J. Amer, Chem. Soc,, 132, 54, 3274). 

H H H 

•• e •• 

CHj : C : C CHj : C : C : H 

• ••• •••• 

H H H H 


The action of the alkylenes is explained also on the basis of 
the electron affinity of boron trifluoride with the formation of a 
polar compound (IV) which attracts electrons from the benzene. 
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In the Friedel-Crafts reaction the action of aluminium chloride, 
which also contains an incomplete octet, can be interpreted in a 
similar manner. 


PHYSICAL CHEMISTRY. By H. W. Mblvujjc, D.So., Ph.D., CoUoid 
Science Laboratory, Cambridge. 

The luminescence emitted by solids upon exposure to visible and 
ultra-violet light, to X-rays and to electrons has long been known 
and much studied.^ The accumulation of data has, moreover, 


^ A note dealing with the recent conference of the Faraday Society on 
Luminas<moe will be found on p. 563. 
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become so voluminous and the variety of effects so diverse that the 
invention of working hypotheses to explain the phenomena was 
apparently a hopeless task. Within the last year or two, however, 
the modern theory of solids has been applied to the problems with 
results which promise to bring some degree of order into this field of 
research. As yet the applications are rather of a qualitative nature 
and will be briefly described in the following t)ageH, attention being 
devoted almost exclusively to the luminescence brought about by 
visible and ultra-violet light. 

Absouption Spectra of Solids. —In the visible and ultra¬ 
violet, absorption is due essentially to excitation of electrons as 
happens with gaseous molecules or atoms. Consequently it would 
be anticipated that the electrons would be raised from the ground 
state to a discrete series of energy levels succeeded by a continuum 
in which the absorbing centre becomes ionised. In this latter case, 
the electron is raised into the so-called conducting band of the 
solid leaving a positive hole in the lattice. The solid thereby 
becomes photoconducting. The aj)pearance of a continuum cannot 
be entertained as a criterion of ionisation for the discrete levels 
exhibited by an atom in the gaseous state are usually drastically 
modified in the solid. There are at least two reasons for this 
behaviour. Just as there are bands in molecular absorption spectra 
due to the vibrational energy of a molecule, so in solids the complex 
lattice vibrations are superimposed on the electronic transition with 
the result that the originally sharp level becomes broad. This 
broadening can, however, be considerably diminished by working 
at low temperatures. For example, Randall {Nature, 142 , 113, 
1938) found that the broad band omitted by zinc orthosilicate, 
activated by manganese, with a peak at 3250 A. is reduced to half 
its width by cooling from 300 to 20° K. Other sharp bands make 
their appearance at the lower temperature. Similarly the strong 
electric and magnetic fields existing in solids may either lead to 
broadening or to splitting of energy levels. 

Exceptions to the above-mentioned behaviour occur when the 
absorbing centre is not influenced by these two factors. For 
example, the absorption spectra of the rare earth elements and the 
transition elements are usually sharp for the simple reason that the 
incomplete shell of electrons within the valency shell is so well 
screened that external factors have little influence on the electronic 
transition, though there may be some modification of the position 
of the levels. Similar behaviour is obtained with comjx)unds which 
contain conjugated double bonds, or benzene rings. Although 
such absorption spectra in the solid are sharp at low temperatures, 
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their structure, when compared with that in the gas phase, clearly 
shows the influence of the forces present in the solid lattice. Also 
certain co-ordination groups, t.g, UOt"^^ are little subject to external 
fields—a fact which makes the uranyl salts and solutions so con¬ 
venient for fluorescent experiments. 

, At the other extreme, absorption of light may induce photo¬ 
chemical action as in the silver halides. The other two possibilities 
are: 

(1) The electron, if excited to a discrete level, falls back to the 
ground state with emission of radiation. Usually the electron has 
lost some of its energy before this transition occurs. This process 
is normally termed fluorescence, the lifetime of the excited state 
being of the order of 10"* sec., that is, comparable with that of a 
free excited atom. Similarly the decay of the fluorescence, since 
it is concerned with only one absorbing centre, follows the usual 
exponential law, namely, I — Ioe"“^, lo and I being the intensity 
of the fluorescence at i ~~ 0 and < = t and a a characteristic constant. 

(2) The electron, when in a discrete level, receives sufficient 
energy from the lattice at high enough temperatures to enter the 
conduction band when it moves away from the absorbing centre 
to be trapped perhaps by a bound energy level at a crystal boundary 
or at a lattice defect (Gurney and Mott, Trans. Faraday Soc., Jan. 
1939). Finally, however, the electron will find a positive hole with 
which it combines, radiation being simultaneously emitted. Radia¬ 
tion emitted in this manner within a time interval greater than 10“* 
sec. is usually termed phosphorescence. The important point is 
that according to this theory of phosphorescence the decay law 
should be quite different from that for fluorescence. Since the 
electron and positive hole must come together, the rate of emission 
of radiation will be proi>ortional to the product of their concentra- 

dn 

tions (to), or — — ~ /?»* or n — {fit + const.)"’, that is the decay 

dt 

follows a bimolecular law. 

It has already been mentioned that the wavelength of fluorescence 
is generally longer than that of the exciting source and that the 
efficiency of the process is temperature dependent. In order to 
explain these facts conceptions familiar in dealing with gaseous 
molecules may be used. The energy of the absorbing centre may 
be represented qualitatively for the present purpose as a function 
of configurational co-ordinates in a two-dimensional diagram as 
shown in Fig. 1 (strictly, of course, the representation should be in 
8N dimensional space, where N is the number of particles concerned). 
Curve a refers to the ground state of the system and 6 to one of the 

MM 
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excited states. According to the Franck Condon principle the 
atomic nuclei do not change their positions appreciably upon the 
absorption of a quantum with the result that the excited state 
is one possessing considerable vibrational energy (position A'). 
Now since the life of the excited state is c. 10~® sec, and the time of 
interatomic vibration c. 10"*^* sec., the excited state will lose its 
vibrational energy to the lattice as heat (position B') before the 
electron jump to the lower level occurs, the system thereby arriving 



Configurational coordinates 
Fio. 1. 

at position B with the emission of a quantum somewhat smaller than 
that absorbed. 

While there has not been a great deal of work done on the 
variation of fluorescence intensity with temperature, there is now 
evidence (Randall, Trans. Faraday Soc., Jan. 1939) that the intensity 
increases with decreasing temperature among those pure compounds 
not exhibiting photoconductivity. Examples are manganous salts, 
lead, cadmium and samarium salts which only fluoresce at 20® K. 
The list of substances given by Randall is so diverse that it is not 
impossible that fluorescence under suitable conditions may be a much 
more widespread phenomenon than was once supposed. Gurney 
and Mott have suggested how this temperature dej^ndence may be 



PHYSICAL CHEMISTRY 631 

explained. The quantum efficiency {tj) for fluorescence is defined by 

A 

'' ” A 1 - B* 

where A and B are respectively the probabilities per unit time that 
a quantum of radiation is emitted and that the electronic energy 
is ^ssipatcd as heat. B may be made temperature dependent if 
the assumption is made that the potential energy curves for the 
ground state and the excited state cross (Fig. 1 ). There will then 
be a high probability that in this position C, the excited state will 
revert to the normal state. But if the excited state has already 
lost its vibrational quanta and is in position B', additional energy 
W will have to be acquired from the lattice before point C' is reached 
and the transition occurs. B may then be expressed by an equation 
giving the probability of this occurrence, namely, 

B = 6 e- " 

where the constant 6 is of the order of the interatomic vibration 
frequency, viz.y 10 ^* sec."*, k = Boltzmann constant, T absolute 
temperature. Hence 

V - (1 + ^-.e- 

A 

Moreover since A - 1 ()® sec;. 6 /A is large (iompared with unity 
and hence (o) liot only will fluorescence decrease with increasing 
tem|)erature but ( 6 ) the transition from >7 — 1 to tj ~ 0 will occur 
within a comparatively small temperature range. 

Luminksoknce OS’ Impubk Souds.—T he most striking examples 
of luminescence in solids are provided by impure substances, that 
is, solids consisting mainly of one type of molecule, to which have 
been added various activating substances, e.g., manganese in zinc 
silicate; copper, silver and lead in zinc sulphide and in calcium sul¬ 
phide. Many of these phosphors, as they are usually termed, are 
of ill-defined chemical constitution and cannot be obtained in largo 
crystals suitable for quantitative investigation. Although they are 
of great importance technically a simpler typo of solid, exhibiting 
both fluorescence and phosphorescence, is more likely to be amenable 
to theoretical study. Such substances have been found by Hilsoh, 
Pohl and their collaborators (see, for example, Hilsoh, Proc. Phys. 
Soe., 49, 40,1937) in the alkali halides, activated by small concentra¬ 
tions—0-06 to 0-5 per cent.—of the corresponding thallous halides. 
Sufficiently large crystals may be grown from the molten salt. 

When thallium is added, continuous absorption bands are pro¬ 
duced at a wavelength somewhat longer than that of the fundamental 
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TABLE I 

ABSORmoN Peaks or Alkali-Haiide Thaei-ium PHOsraons 
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band of the alkali halide crystal itself. With the (dilorides three 
distinct absorption bands make their apiioaranco, the position of 
the niaxinium, as Tabic I shows, being practically independent of 
the nature of the cation. The bromides and iodides only exhibit 
two bands, but here the wavelength has been increased by the 
anion. On irradiation with wavelengths listed in Table I these 
crystals do not exhibit photoconductivity. 

In HO far as the emission of radiation is concerned, the potassium 
chloride })hoBphor has received most attention and the facts may be 
briefly summarised thus : When the concentration of the activator 
is small—0 (>015 per cent.—fluorescence of a decay period of less 
than 10“^ sec. can be detected ; phosphorescence is absent. The 
emission spectra consist of broad bands which seem to have their 
origin in two superimposed (three with KBr) all lying on the long 
wavelength side of the absorption bands. The entire emission 
spectrum is produced no matter in what excitation band the radia¬ 
tion is absorbed ; the relative intensities of the bands is also inde¬ 
pendent of the exciting wavelength. The quantum efficiency of the 
fluorescence is of the order of unity. 

The phosphorescence has rather different characteristics. For 
KCl the intensity of the phosphorescence is proportional to the 
square of the intensity of the exciting radiation for brief periods of 
illumination with weak enough light. Only light in absorption 
regions B and C is effective in inducing phosphorescence. That in 
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region A has no influence. The decay follows an exponential law 
dN fdt — otN whore N is equal to the total number of quanta to 
be emitted, a varies with temperature according to the simple 
equation a where « - 2*9 x 10® sec. ^forKClandfi = 0*67 

electron volts. This means that the decay of the phosphorescence 
is arrested by lowering the tem|>eraturo. As with the fluorescence, 
a is the same for all parts of the emission band. In addition, there 
is the important phenomenon that light of a suitable wavelength 
will induce emission of phosphorescent light ; the quantum, how¬ 
ever, must not be less than 0-67 e.v. The efficiency of the phos- 
phorescjent process is not increased, and the effect is only observed 
provided the phosjffior has already ab8orl)ed light in regions B and C. 

In a recent paper ^ Seitz (./, CAem. Physics, 6, 150, 1938) has 
made a successful effort to explain these significant phenomena. 
First it is necessary to account for the ab8ori)tion spectra. Prom 
the fact that the position of the peak of absorption is determined 
predominantly by the anion, it is probable that one of the electrons 
of the halogen ion is excited. But since neither photoconductivity 
nor reaction ensues, the electron must be raised into a discrete 
level lying somewhat below the continuum or ionisation band associ¬ 
ated with the alkali atom. With sufficiently short wavelength 
light it is possible that the electron might be raised to the ionisation 
band and thus confer a measure of electric conductivity on the 
crystal. 

The absorption bands due to the presence of thallium ions 
probably have quite a different origin. Seitz suggests that the 
absorption is due to the thallium ion and not to excitation of the 
halide ions. A glance at Table I will show that the peaks in any 
one band are much less dependent on the nature of the alkali or 
halide ion than is the case with the pure halide. For example, by 
replacing Cr with I', in the phosphor A band, there is only a change 
of 0-6 e.v., whereas a change of 2 volts is observed in the halides. 
If the A, B and C bands were due to halide ions they should exhibit 
doublet structure characteristic of such ions (Pohl, Proc. Phys. Soc., 
49 , 5, 1937), whereas, in fact, none is shown. Again the absorption 
should lie much further into the ultra-violet. The argument for the 
hypothesis is briefly this : Since the rubidium and thallium ions 
have approximately the same radius, replacement of rubidium by 
thallium should not cause appreciable distortion of the lattice. 
Hence the surrounding crystal field will not be greatly altered. 
The electron affinities of the two ions in the crystal can thus be com- 

^ Boforenoes to previous papers are given here and also by Seitz, Trans* 
Faraday Soo„ January 1939. 
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pared by considering the ionisation potentials of the free atoms. 
The ionisation potential of thallium is 1'9 volts greater than that 
of rubidium, but in the crystal, in virtue of the fact that at low 
thallium concentrations the thallium ion is surrounded by rubidium 
ions, this difference will probably lie diminished. Hence the halogen- 
thallium transition should lie at about the same wavelength as that 



Configurational coordinates 

Fio. 2.—Energy level diagram for a thallium 
ion in an alkali-halide lattice {ajler Seitz). 


for halogen-rubidium. For 
tlie rubidium chloride jihos- 
j)hor, it will be seen from 
Table I that the peak of the 
A band lies at a much longer 
wavelength corresponding to 
a difference of no less than 
2 5 volts. Actually, pure 
thallous halides absorb in 
the same region as the A, B 
and C bands appear. There 
is, however, a complication 
in the photo dissociation of 
the halide. 

Assuming that absorp¬ 
tion is due to the thallium 
ion the next question is to 
account for tliree absorption 
bands. Here quantitative 
explanation is more difficult. 
In presence of crystalline 
fields the energy levels of the 
thallium ion Gp state) will 
be considerably changed. 
The three peaks may be 
correlated with the follow¬ 
ing transitions of the free 
atom *So 


^So~^^Pi, but the absolute positions of the energy levels cannot 
bo obtained, although of course they may be fixed by making use 
of the experimental data. 

In order to explain the occurrence of not more than two bands 
in fluorescence the energy level diagram will have the form shown 
in Fig. 2. The lower curve corresponds to the normal state of the 
crystal while the upper curves show the energy of the excited states 
as a function of the configurational co-ordinates. In the A band 
absorption corresponds to excitation to the level, which is split 
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into three levels in the crystal. Consider the lowest of these levels. 
When a quantum is absorbed of a magnitude suflScient to excite the 
electron to this level, there will be a vertical transition from the 
ground state at A. (This would normally give rise to line absorp¬ 
tion, but in virtue of the complex lattice vibrations, transitions may 
occur from an indefinite number of points in the neighbourhood 
of A, giving rise to a broad band.) As a result of this vertical tran¬ 
sition, the excited state possesses considerable vibrational energy, 
which, as explained above, is soon lost, thus bringing the system to 
position Fluorescence then occurs when there is a vertical 
transition to the ground state. But if it should happen that there 
is a vibrational level in the crystal lying close to the difference in 
levels between B and B' in the diagram, a radiationless transition 
may take place to the *Po level. This latter level is a high vibrational 
state and therefore soon loses its energy, thereby arriving at point C. 
Subsequently an optical transition to the ground state gives rise to 
a second band in the fluorescent spectrum. Next it is necessary to 
suggest how it is that no matter whether absorjjtion occurs in the A, 
B or C band, the complete fluorescent si)ectrum is obtained. Sup¬ 
pose absorption occurs in the C band bringing the system up to 
point D, then again vibrational energy is lost, the system taking up 
a position of minimum potential energy at E. Now if this state 
lies close to any of the lower excited levels, a transition may occur 
which eventually brings the system to B, thereby allowing the 
possibility of the emission of fluorescent radiation of the same 
wavelength as that brought about by absorption in band A. 

The phosphorescent phenomena are less easily acemmted for. 
Here luminescence is only obtained if the ion is excited to state 
provided also this is in the neighbourhood of another thallium ion. 
The presence of this second ion is supposed to give rise to a meta¬ 
stable minimum M as shown in Pig. 3. Phosphorescent light of the 
same wavelength as that of the fluorescence can then be emitted 
if sufficient vibrational energy is obtained from the lattice to raise 
it to point X, whence B may be reached. The higher the tempera¬ 
ture of the crystal, the more rapidly will this process occur. On 
the other hand, absorption of infra-red radiation can also raise the 
system directly to the unstable level N, again allowing phosphor¬ 
escence to be produced. In this manner the unimolecular decay law 
is explained, although two thallium ions really participate in the 
production of a suitable metastable state which virtually is a 
reservoir for the supply of phosphorescent radiation. 

ZiNO SuLTHinB Phostoobs. —^In view of the fact that zinc 
sulphide phosphors are so important commercially the extensive 
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investigation of their luminescence is almost bound to supply 
sufficient data to construct working hypotheses as a basis for further 
experiment. Pure zinc sulphide, in the crystal forms of wurtzite 
or of zinc blende, does not phosphoresce. An intimate mechamcal 
mixture of the two crystalline forms produces a mutual disturbance 
of the lattice which induces phosphorescence. Likewise the dis¬ 
turbance produced by the sulphides of copper, silver, load, etc., 
leads to intense luminescence. In fact, some idea of the rate of 
diffusion of such atoms or rather ions may be gained from observa¬ 
tions on the fluorescence of the zinc sulphide phosphors. For 



Configurational coordinates 
Fig. 3. —Energy level diagram to account for phoephorosoenoe. 

example, diffusion of CuS into small crystals of ZnS oommenoes at 
330° C. The CuS does not migrate along grain boundaries but into 
the lattice itself as is shown by removing successive layers of ZnS 
with hydrochloric acid and measuring the intensity of the lumin¬ 
escence (Tiede, Ber., 65, 364,1932 ; Biehl, Ann. der Phyaik,29, 664, 
1937). Not all metallic sulphides are activators for ZnS. The 
diameter of the metallic ion determines whether or not it will enter 
the crystal and therefore whether it will function as an activator 
for that crystal. For instance, the radioactive isotopes of lead 
(thorium B) and of bismuth (thorium C) are good activators for 
CaS and SrS but not for ZnS, for, by employing these indicators, it 
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can be shown that they do not enter the zinc sulphide lattice (Kading 
and Riehl, Angeto. Chem,, 47 . 263, 1934). Thus one simple criterion 
for activators is at once established. The reason for the high 
mobility of activators in the ZnS lattice seems to be due to the 
openness of that lattice, which consists of interlinked tetrahedra 
with sulphur atoms at the corners, the centre of every other tetra- 
hedron being occupied by a zinc atom. During diffusion therefore 
the activating atoms migrate from one empty tetrahedron to the 
next. If the activating atom just fits inside the tetrahedron, 
diffusion will be comparatively easy, but should the lattice require 
to be distended before the atom is accommodated the activation 
energy for diffusion will be so large that migration will not occur. 

Unlike the alkali-halide phosphors, the presence of the activator 
in ZnS does not alter the absorption coefficient for the exciting 
radiation, whether this is X-rays or ultra-violet light. The absorbing 
centres ai’e due to the zinc sulphide itself, and the activator atoms 
therefore provide a path w^hereby the radiation can be emitted in 
a number of discrete levels. Moreover the quantum efficiency of 
the luminescence is very nearly unity, and since the normal concen¬ 
tration of activators is of the order of one in 10^ the energy absorbed 
by the Zn8 must be capable of transport without appreciable loss to 
an activator atom which on the average is 20 atomic diameters 
distant. There are tliree other significant observations which 
provide a basis for the explanation of the behaviour of these phos¬ 
phors. The first is the appearance of photoconductivity. The 
second is that there is no fluorescence, that is radiation of a decay 
period of 10^^ sec. From the experiments of Riehl {Ann, der Physik 
(6), 29, 640, 1937), the luminesoenoe appears to be composite, the 
normal temperature dependent true phosphorescence being accom¬ 
panied by a temperature independent afterglow. This afterglow 
can, however, be quenched without affecting the phosphorescence 
by the addition of small traces of iron, nickel (Levy and West, B.P. 
424196, Trans. Faraday <Soc., Jan. 1939). Third, in some ZnS 
phosphors (Reimann, Nature, 140 , 601, 1937) the decay of the 
phosphorescence obeys a second order equation thus indicating the 
participation of two entities in the radiation process. Photo¬ 
conductivity undoubtedly demonstrates that one of the particles is 
an electron, the other must be a positive hole. The impurity in the 
crystal is thus the point at which electron and positive hole recombine 
to give up their potential energy as radiation. The function of the 
impurity then is to provide a disci^te energy level in the system 
lying below that to which the system is initially raised on irradiation 
and from which reversion to the ground state occurs readily. The 
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time elapsing between excitation and phosphorescence will therefore 
depend upon how quickly electron and hole diffuse to the impurity. 
Since the diffusion coefficient of an electron is estimated to be about 
1 cm.^sec.""^ (Gurney and Mott, Proc. Roy, Soc,, A, 164 , 152, 1938), 
that is, about the same as that of a hydrogen molecule in hydrogen 
gas at atmospheric pressure, and, bearing in mind that the decay 
])oriod of fluorescence may be a considerable fraction of a second, 
it is evident that the rate controlling process in any given phosphor 
will be governed by the rate of diffusion of the positive hole to the 
impurity. 

Kaittsky's Phosphors. —Another interesting type of energy 
transformation in solids has been discovered by Kautsky (Biochem. 
Z., 291 , 271, 1937). Here the photo-active molecules—chlorophyll, 
porphyrin, tryptoflavin—are adsorbed on the surface of silica or 
aluminium oxide gel. When light is absorted by these dye mole¬ 
cules, the energy so acquired is not transferred to tlio absorbent 
but is reradiatod as fluorescence and even as phosphorescence, the 
gel thus functioning as an energy insulator. The decay period 
of the phosphorescence is strongly temperature dependent—in fact, 
the radiation may be trapped at low temperatures and subsequently 
emitted by warming the solid. The remarkable observation is 
that both fluorescence and phosphorescence are strongly quenched 
by quite small pressures of oxygen, namely 10~^ mm., the phos¬ 
phorescence being the more sensitive to this specific energy transfer 
—a sort of collision of the second kind in the solid state. This is of 
course to be expected since the long life of the excited state of the 
adsorbed dye gives a much better opportunity for the oxygen to 
remove excess energy from the dye. In view of the fact that 
fluorescent radiation lies in the red or infra-red, it is most probable 
that the oxygen molecule is excited to low-lying metastable states 
(12, 37-3 k. cal. and lA 22-5, 26*8 and 30*9 k. cal.) rather than to 
high vibrational levels of the ground state. 

In presence of dyes, such as those mentioned above, adsorbed 
on gels, oxygen may oxidise a variety of substances which act as 
acceptors. Furthermore, the oxidation process may be made 
visible by employing leuco-malachite green as an indicator. Kautsky 
found that if a mixture of gels of both substances and acceptor were 
made in such a way that the smaller gel particles containing the 
sensitiser surround those of the acceptor, then on illumination in 
presence of oxygen the acceptor is coloured green. There is an 
optimum pressure for the display of this phenomenon (in the 
experiments quoted mm.). At very low pressures only a 
small fraction of the excited dye molecules are deactivated; at 
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high pressures the metastable oxygen molecules are destroyed by 
collisions with normal molecules before they can dilFuse to the 
acceptor. 

GEOLOGY. By G. W. Tyrrkix, A.R.C.Sc., D.Rc., F.R.8.E., The Univer¬ 
sity, Glasgow. 

Sedimentation and Sedimentary Rocks. —The Geologische 
Rundschau has published a symposium on sedimentary rocks and 
sedimentation under the title “Sediment-Heft'’ (29, 1938, 145- 
461). It contains 23 papers in eight groups, dealing respectively 
with Fundamentals and Methods; Clays ; (Sediments of the) 
Netherlands, North Sea and Baltic Sea ; Deep-sea (Sediments); 
Continental (Sediments); Ancient Sediments; Unconsolidated 
Sediments and Soils ; and Useful Sediments. A wealth of data for 
students of sedimentary rocks, impossible to summarise here, is 
contained in this volume. 

The problem of the extraordinary, in‘egular, downwardly directed 
cavities in certain granites of Corsica and other localities (called 
tafoni) is dealt with in an exhaustive and profusely illustrated 
memoir by I. Kvelberg and B. PopoflF (“ Die Tafoni-Verwitterungs- 
erscheinung,” Latvijas Univ, Raksti, Chem. Fac., Ser. IV, 6, Riga, 
1937, 130-368). On the basis of extensive field and microscopic 
observations, PopoflF and Kvoll)erg ascribe the origin of tafonis to 
exfoliation of the upper surfaces of incipient hollows, under the 
influence of volume changes due to periodically recurring tempera¬ 
ture differences, gravity aiding in the removal of the curved sheets 
split off by the process. Ordinary weathering and chemical changes 
occasionally take a very subordinate part. The work ends with a 
classification of hollows and cavities in rocks. The term “ tafoni,” 
which has been applied indiscriminately to all kinds of hollows, 
should be restricted to the Corsican examples and others identical 
with them. 

J. A. Bartrum has studied the well-known “ Honeycomb 
Weathering of Bocks near the Shore-line ” {N.Z, Joum, Sci, and 
Tech., XVIII, 1936, 593-600), The rocks in New Zealand affected 
by this mode of weathering are homogeneous dacite lavas, tuffs and 
sandstones. Bartrum suggests that the regular etching is produced 
by drops of salt spray remaining on flat surfaces long enough for 
evaporation to take place, with crystallisation of the contained salts. 
A process of alternate solution and crystallisation might thus go 
on long enough to disrupt the rook, the resulting fragments being 
washed away by water, or blown away by wind. 

In continuation of his work on the “ Rate of Sedimentation in 
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Salt Marshes on Scolt Head Island, Norfolk,’’ J. A. Steers (Oeol, 
Mag., LXXV, 1938, 26-39) finds that anything up to cm. of silt 
was deposited in the 22 months covered by the experiment. While 
the rate of accretion diminishes as the marsh surface is raised, it is 
evident that marshes develop rapidly in the geological sense. 

An important paper by W. O. Thompson deals with the “ Original 
Structures of Beaches, Bars and Dunes ” (Biill. Oeol. Soc. Amer., 
48, 1937, 723-52). He describes structural differences between 
different parts of the beach, illustrated in detail by numerous 
sections of modern beaches. These stnictures are compared with 
those of ancient beaches, and the author concludes that while no 
single criterion can be decisive, the combination of many, or all, of 
the structures described, should provide conclusive evidence of the 
mode of origin of ancient l>each formations. 

“ The Sediments of Barataria Bay ” (Mississippi delta) have 
been thoroughly sampled by W. C. Krumbein and E. Aterdeen 
(Journ. Sed. Petr., 7, 1937, 3-17), mechanical analyses made, and 
statisti(‘al constants computed. The areal distribution of the samples 
in terms of their average grain sizes and their degree of sorting 
shows that these factors are related to the currents within the bay. 
It is shown that the study of the size characteristics of sediments 
yields data for evaluating the physical conditions of the environment 
under which they are deposited. 

W. 0. Krumbein and J. S. Griffith have carried out a study of the 
'' Beach Environment in Little Sister Bay, Wisconsin ” {BvU. Oeol. 
Soc. Amer., 49, 1938, 629-52), which shows that it is possible to plot 
the characters of the sediments on maps in such a way that the 
essential features of the depositional environment are revealed. 
Among the characters studied were the mechanical composition of 
the sediments, shapes of pebbles, and the sizes and shapes of pebbles 
as a function of position on the beach. 

A succeeding paper by W. C. Krumbein on “ Local Areal Varia¬ 
tion of Beach Sands ” {ibid., 653-68) presents data supplementing 
some of the results of the foregoing investigation. It is shown that 
there are certain underlying similarities on widely different beaches, 
which may lead to generalisations valid for beach environments in 
general. 

In a paper on The Sedimentational Effects of the Work of 
Marine Scavengers ” {Amer. Journ. Sci., XXXVI, 1938, 64-66), 
E. C. Dapples presents data relating to the influence on sedimenta¬ 
tion of the benthonic organisms of the sea floor. These animals 
ingest such quantities of bottom materials that benthonic life may 
be considered an active agent in diagenesis. Ooprolitic matter may 
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be important in fine-grained Bediments, and some forms of ooliths 
may te fsBcal matter. Fossdiferous strata are considered to be due 
to sudden annihilation or rapid burial of benthonic life; and, 
conversely, the view that unfossiliferous rocks are deposited under 
conditions adverse to life is not necessarily true. 

Discussing the “ Behaviour of Suspension Currents and Mud 
Slides on the Continental Slope,'* H. C. Stetson and J. F. Smith 
(Amer, Jcnirn. 8ci., XXXV, 1938, 1-13) point out that those density 
currents, to which the origin of submarine canyons has been ascribed 
by R. A. Daly, will have important effects in sedimentation. When 
they come to rest the sediment carried by them is distributed over 
the continental slope and the adjacent ocean floor. 

C. S, Piggot describes a now mechanism by which a tube is 
fired " into the soft sediment of the ocean floor by means of an 
explosive charge, and core samples obtained thereby up to 10 feet 
in length {Bull, GeoL Soc, Amer.y 47, 1936, 675-84 ; Smithsonian 
Report fm 1936^ 1937, 207-16 ; Sci, Monthly^ XLVI, 1938, 201-17). 
The study of these coi^es from the North Atlantic is yielding much 
new chemical, mineralogical and biological information. One of 
the most interesting results is that within the 10-feet thickness 
reached by the cores, there are records of four glacial periods, and 
two periods characterised by the presence of volcanic ash. 

In a suggestive paper “ On the Total Amount of Sedimentation 
in the Deep Sea," P. H. Kuenen (Am&r, Joum. Sci,, XXXIV, 1937, 
457-68) points out that Schott’s estimate of the average rate of 
oceanic sedimentation as 1 cm. in 1000 years, implies a total thick¬ 
ness of 17 km. of sediment on the ocean floors, and therefore a 
denudation of the continents of 40 km. depth. This, however, is far 
too large, because the factors of compaction, and the production 
of igneous rocks, have been neglected. Assuming, therefore, 
sediments 5-6 km. thick on the ocean floor, Kuenen indicates 
important repercussions on such problems as the isostasy of the 
oceans, subsidence of oceanic volcanoes, Wegener’s mechanism of 
continental drift, and the thickness of the continents. 

“ The Boron Content of Sea Water and of Marine Organisms ’’ 
has been investigated by I. Igelsrud, J. Q. Thompson and B. M. G. 
Zwicker {Arner, Joum, Sci,, XXXV, 1938, 47-63). The results 
indicate that boron may exist in sea water as soluble complex com¬ 
pounds. Marine plants, and especially animals such as Conus, 
Cyprma and certain HydrocorallincB, contain such quantities of 
boron as to suggest that this element may occur quite generally in 
calcareous and sedimentary structures of oceanic origin. 

It is suggested by W. C. Krumbein (Joum. Oed., XLV, 1037, 
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677-601) that the relations between certain factors in sedimentation 
can be expressed by curves involving negative exponential functions. 
Methods of testing such relationships arc given for variations of 
pebble-size on beaches, the thickness of a loess deposit, the profile 
of an alluvial fan, and the dispersion of boulders in a glacial boulder 
train. In another paper on the same lines, Krumbein discusses 
‘‘ Korngrosseneinteilungen und statistische Analyse ” (N,J. f, Min. 
B.-B. 73, Abt. A, 1937, 137-50). 

The determination of the mineral composition of a numW of 
soils, clays and shales from Illinois by R. E. Grim, R. H. Bray and 
W. F. Bradley (Amer. Mineralogist, 22 , 1937, 81,‘}-29) has revealed 
the existence of a mineral belonging to the mica group similar to 
muscovite, which was previously referred to as the sericite-like 
mineral. By the use of super-centrifuge fractionation technique 
this mineral has lieen isolated in a relatively pure state, and has 
been found to be ditTererit from muscovite or sericite, or any other 
named mica mineral. It has therefore been given the general name 
illiie (after the state of Illinois). 

“A Sodimeniaiy and Petrographic Study of Certain Glacial 
Drifts of Minnesota,'' by F. C. Kruger {Amer. Joum. Set., XXXIV, 
1937, 345-03), indicates that the Pleistocene tills show differences in 
their heavy accessory minerals which may be used for purposes of 
correlation. The investigation shows that there has been little post¬ 
glacial weathering, and the drifts have a mineral content similar to 
that of freshly-crushed igneous rocks. 

“ Two concepts dealing with the character of the differential 
contamination of sedimentary detritus in transit, and with the 
retention upon contamination of certain original significant mineral 
frequencies, can be formulated from the analysis of the behaviour 
of sedimentary detritus as it is carried through ordinary or glacial 
streams." The application of these conc^epts by P. D. Klrynine in 
his paper on “ Glacial Sedimentology of the Quinnipiao-Pequabuok 
Lowland in Southern Connecticut " {Amer. Joum. Sci.^ XXXIII, 
1937, 111-39), “resulted in the differentiation of at least three 
generations of late-glacial sands, in the identification of their source 
areas, and in the reconstruction of the drainage and sedimentary 
conditions under which these deposits were formed." 

In his paper on “ Unconsolidated Sediments and Topographic 
Features of the Lower Yukon Valley," A. J. Eardley {Bull. Owl. 8oc. 
Amer., 49, 1938, 303-42) fully describes the petrographical char¬ 
acters and stratigraphical relations of the alluvial deposits of the 
Yukon River, consisting of silts, sands, gravels, “ mucks " and peat, 
all comprised under the inclusive term “ Yukon Silts." A loam of 
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tan colour, of uniform mineral and mechanical composition, is the 
most widespread of these deposits. The “ tan loam ” is considered 
to be mainly the deposit of aggrading streams, although at higher 
levels it may represent loess. 

In a valuable paper on the “ Mineral Composition of Mississippi 
River Sands,’* R. D. Russell {BvlL OeoL Soc, Amer.y 48, 1937, 
1307-48) challenges the widely accepted hypothesis that minerals 
such as the pyroxenes, amphiboles and feldspars are rapidly and 
progressively eliminated during transport.. In the llOO-miles 
journey from Cairo to the Gulf of Mexico, it was found that feldspars 
decreased from about 25 to 20 per cent, of the 100-mesh grade, while 
the pyroxenes and amphiboles showed little or no progressive loss. 
The persistent ” detrital minerals appear to be those most resistant 
to chemical [)rocesses of decay, mechanical destruction being of 
minor importance. 

Eighteen samples of “ The Shore Sands of CJornwall and Devon 
from Land’s End to the Taw-Torridge Estuary ” have been investi¬ 
gated by A. Stuart and B. Simpson (Trans, Roy, Oeol, Soc, Cornwall^ 
XVII, Pt. I, 1937, 13-40). Al)out 60 minerals are recorded. The 
sands show good correlation with local sources, but southwards the 
absence or great rarity of kyanite and staurolite shows that Pliocene 
material does not bulk largely in the modem sands. Glacial material 
has supplied an influx of rarer and non-local minerals towards the 
north. 

The Lower Bunter Sandstones of North Worcestershire and 
East Shropshire,” investigated by ¥, W. Shotton and colleagues 
(Oeol, May,, LXXIV, 1937, 634-53), consist of sand the average 
grain size of which is 0-2 mm., with restricted limits of size variation. 
These facts, esj^ecially the high perfection of sorting, indicate an 
«K)Uan origin. The abundant false bedding also, is only explicable 
on the same hypothesis. 

In a pai)er on Shape-Sorting of Sand Grains by Wind Action,” 
G. R. MacCarthy and J. W. Huddle (Amer, Journ, Sci,, XXXV, 
1938, 64-73) present experimental evidence showing that much of 
the superior roundness of fieolian sands, es compared with sands of 
other types, is due to a process called shape-sorting. The experi¬ 
ments indicate that wind transport carries grains chiefly by saltation, 
and that this mode of transport favours the rounder grains. 

The presence of small amounts of clastic material, the occurrence 
along with pure graptolite shales, the presence of fossil radiolarian 
genera to-day characterised by deep-water habitat, and the occur¬ 
rence of zones of radiolarite, indicate a deep-sea origin of the 
‘‘ Eastern New York Ordovician Cherts ” according to the work 
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of R. Ruedemann and T. Y. Wilson (Bull. OeoL Soc. Amer.y VIf 1936> 
1535-86). The Ghent radiolarite probably represents a radiolarian 
ooze. The betse of the Appalachian geosyncline is thus considered 
to have reached abyssal depths. 

A symposium in English on ‘‘ Geological Investigations of Agri¬ 
cultural Ores, U.S.S.R,” (^ic) has been issued to members of the 17th 
International Geological Congress, Moscow, 1937 (Trans. Sci. Inst, 
of Fertilisers and Insecto-Fungicides, TJ.S.S.R., No. 142, 1037, 134 
pp.). It contains ten papers by different authors on Soviet phos¬ 
phate deposits, one on datolite deposits, and a general paper by A. V. 
Kazakov on “ The Phosphorite Facies and the Origin of Phos¬ 
phorites.” All of these pai>er8 but one by M. P. Fiveg on ‘‘ The 
Apatite Deposits of the Kiiibinian Tundras,” a dej^osit of igneous 
origin, deal with sedimentary phosphates. Kazakov’s paper dis¬ 
cusses the principal factors in the formation of phosphates, and 
outlines a new theory of origin of phosphorite deposits as typical, 
chemical, salt-water sediments, depending on the activity of bottom 
currents in the ocean. 

Discussing The Genesis of the Jotnian Sediments,” H. von 
Eckermann (Oeol. For. Fork. Stockholm, 59, 1937, 548-77) is doubtful 
whether continental sedimentation of fluviatile and desert origin, 
and the formation in some parts of deeply weathered arkosic residual 
deposits under arid conditions, is the full story. He is inclined to 
postulate, in addition, a vast tidal action which he admits, however, 
cannot be paralleled anywhere on the existing surface of the earth. 

In their important memoir “ Belt Series of the North : Strati¬ 
graphy, Sedimentation, Palaeontology,” C. L. and M. A. Fenton 
(Bull. Oeol. Soc. Amer., 48, 1937, 1873-1970) describe a large number 
of sedimentary structures. Much of the Belt formation has been 
considered to be of fluviatile origin ; but the authors show that the 
formation is unified areally and vertically ; several of its members 
are admittedly marine ; and others differ from known marine forma¬ 
tion only in their scarcity of fossils. With minor exceptions, the 
series is therefore believed to be of marine origin. 

In his paper ‘‘ Dating Cretaceous-Eocene Tectonic Movements 
in Big Horn Basin by Heavy Minerals,” M. H, Stow (Bull. Oeol. Soc. 
Amer.,^9, 1938, 731-02) shows that the minerals characterising the 
continental basin-fill sediments of the Big Horn Basin occur in 
zones that accord well with the zones previously established on 
stratigraphical and palsBontological grounds, and can thus be used 
to determine horizons in unfossiliferous sediments of the area in 
question. In particular, the heavy minerals help to date the 
uplifts of the basin rims. 
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The “ Petrography and Genesis of the Siwalik Series '' has been 
studied by P. D. Krynine {Amer. Journ, Sci., XXXIV, 1937, 422- 
46). This immense accumulation of Late Tertiary sediments on the 
flanks of the Himalaya, 20,000 feet in thickness, is highly fossiliferous, 
and consists of three main types : 1, sandstones and greywackes, 
called “ schist-arenites ” because of their 40 per cent, content of 
fragments of metamorphic rocks ; 2, red siltstones and shales ; and 
3, intraformational conglomerates made up of siltstone fragments 
in a matrix of schist-arenite. The facts indicate deposition on a 
broad flat floodplain, under climatic conditions ranging from 
tropical "humid to arid, finally reverting to temperate-humid in 
the later stages of sedimentation. 


BOTANY. By Pkofessor E. J. Salisbury, D.Sc., F.R.S., University 
College, London. 

P. H. Synge in an account of an expedition to the East African 
equatorial mountains {Jour, R,H,S,, LXIII, 458, 1938) gives a 
useful summary of the vegetation zonation which they exhibit. 
Mixed evergreen rain-forest extends from 6000 ft. to 7500 ft., in 
which species of Cyathea and Musa Ensete are conspicuous features 
of the undergrowth. This is followed by bamboo forest from 7500 ft. 
to 10,000 ft., which attains a height of about 50 ft. at its lower 
altitudinal limit, diminishing to from 15 ft. to 20 ft. towards the upper 
margin. There is an abrupt change from the bamboo forest to 
Ericetum above 10,000 ft., where on a very acid peaty soil a scrub 
some 40-50 ft. high is developed, in which conspicuous species are 
Erica arborm and Phtlipj)ia Johnstonii, accompanied by arboreal 
Senecios and arboreal Lobelias. This scrub extends up to 13,000 ft. 

In the more open drier areas of this scrub zone Lobelia Wollas- 
tonii is common, whilst the swampy clearings are characterised 
by tussocky Carex with L, Bequcertii, Both tree Senecios and 
tree Lobelias extend beyond the heather scrub up to 14,500 ft. 
L, giberrom is altitudinally the lowest of the tree Lobelias on 
these mountains, and also the largest. It occurs on all the moun¬ 
tains from 6500 ft. to 10,000 ft., and, though normally not more 
than 15-20 ft. in height, may attain to 29 ft. L. Aberdarica occurs 
at 9500 ft. on Mt. Elgon, on the Aberdare Mountains, and on 
Mt. Kenya. L, Elgonensis is found on Mt. Elgon from 11,000 ft. 
to 13,600 ft., and is paralleled by L, saltimce on the Aberdare 
Mountains, and L, henimsis on Mt. Kenya. L, Bequaeriii on Ruwen- 
zori and L. Telekii on Mt. Elgon, Aberdare Mountains, and Mt. 
Kenya both range from 11,000 ft, to 14,000 ft. L. Wollastonii occurs 

NN 
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on Mt. Ruwenzori and the Virunga Mountains between 11,000 ft. 
and 14,700 ft. 

Kund, Jessen and A. Farrington give data respecting the flora 
of some bogs near Dublin (Proc, Roy. Irish Acad., XLIV, 205-60, 
1938). In deposits attributed to late glacial times, remains of 
Arenaria ciliaia., Oxyrui digyna and Thalictrum alpinum are recorded 
and also, though this identifu^ation is not certain, Arabia peircca. 
All those northern 8[)ccie8 are now absent from Eastern Ireland. 
Other species recorded are Salix herbacm, Saxifraga hypnoides and 
Armeria vulgaris. The flora tluis had an Arctic or sub-Arctic facies. 

In the Annual Report of the East Mailing Research Station for 
1937 (pp. 117-27), H. M. Tydeman records the results of experiments 
to test the efficacy of various ai)ple and pear varieties as ])ollinator8. 
Striking differences were observed when Devonshire Quarrenden 
was pollinated by White Transparent arid by Worcester Pearmain. 
With the former 83-5 per (‘cnt. fruits were set, and of these about 
15 i>cr cent, attained maturity. With Worcester Pearmain os the 
pollinating agent only 52-6 per cent, fruits were sot and only 4*3 
per c!cnt. attained maturity. Similarly, Stirling Castle pollinated by 
Cox’s Orange Pippin yielded about eight times the amount of mature 
fruit produced when the pollinating parent was Laxton’s Superb. 
Similar differeneos were found to obtain with varieties of pears. 

That the mode of germination which a species exhibits may 
effect its occurrence in a particular climatic area is evident. In this 
connection some germination experiments carried out on varipus 
sj^ecies of Pinus at Lingnan University are of interest. Under the 
field conditions obtaining in Southern China rapid germination of 
tree seed is apparently highly important for seedling survival, and 
tests upon the germination of the native Pinus Massoniana showed 
that over 70 per cent, of the seeds germinate in fifteen days after 
sowing, and that within twenty days the percentage is over 86. 
Seeds of three southern species of Pinus from America were tested 
under the same conditions, and of these P, caribcca yielded 9-2 per 
cent, germination in twenty days ; P. echinata 6 0 per cent, and P. 
twda only 1*6 per cent, in the same period. After fifty days the 
percentage germinations of these three species were respectively 
55 per cent., 64-6 per cent, and 42*7 per cent. (Lingnan Sci, Jour., 
16 , 4, pp. 573--78, 1937). 

From experiments with oats and barley grown in the presence 
and in the absence of weeds, G. L. Blackman and W. G. Templeman 
furnish evidence that the competition is principally for nitrogen. 
Barley grown in four different localities in the absence of weeds 
contained from 1*51 per cent, to 2*8 per cent, of their dry weight of 
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nitrogen. When weeds were present the barley in the same areas 
contained only from 114 per «)ent. to 1*08 per cent, of the dry weight 
of nitrogen. Similarly the dry weight of oats in the absence of 
weeds contained 1*71-2*33 per c^nt. of nitrogen and 1*03-1*33 per 
cent, when weeds were present (Jour. Agric. Sci., XXVIII, pp. 
247-71, 1938). 

The slow rate of decay of carbohydrates in the soil as compared 
with nitrogenous compounds and the delaying effect of a high 
carbohydrate-nitrogen ratio in plant material upon the rate of decay 
of plant material has been the subject of study by M. F. Spaulding 
and W. S. Eisenmenger (Soil Sciencey 45 , 427-45, 1938). Plant 
material of forty-five species was experimented with and a high 
degree of positive correlation was found to obtain between the rate 
of decomposition and the total nitrogen content. Finely ground 
plant material incorporated in soil and sand, and the effects 
on the growth of barley, both when lime was added and in its 
absence, were studied. With most plant materials employed the 
yield was appreciably greater when lime was added to the soil, but 
this was notably not the case when the plant material was that of 
Bidena or Solanum lycopersicum. Material of such plants as tobacco 
and potato-tops decay very rapidly, whilst monocotyledons such 
as rushes and sedges decay at a tenth of the rate or even loss. It 
may be pointed out that such differential behaviour of plant material 
needs to be taken into account in relation to plant succession, 
especially having regard to the marked change in reaction that may 
accompany the various phases of decomposition. 

Numerous investigations have shown the great ecological import¬ 
ance of soil reaction both in respect to its direct influence and its 
indirect effects upon plant growth. The question whether the 
water content of the soil affects the soil reaction is therefore a matter 
of some importance. A. N. Puri and A. G. Asghar (Soil Scienccy 
46 , 249-68, 1938) have carried out experiments which show that, 
employing single-base soils, the effect of changing the soil-water 
ratio from 1 ; 6 to 1:25 has no significant effect whether the pH be 
low or high. This was found to be true alike for soils in which the 
single base was sodium, iwtassium or calcium. On the other hand, 
the presence of even small amounts of neutral salts had a marked 
effect upon the soil reaction, and, since this effect varies with the 
concentration of the salts, it is evident that the soil-water ratio will 
affect the reaction of natural soils. C. M. Keaton in the same 
journal ( 46 , 269-66) gives data respecting pH values of various 
natural soil types over a range of soil-water ratios and at normal 
moisture-content. In acid soils the minimum pH value was found 
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when the soil-water ratio corresponds to the water-holding capacity 
of the soil, but at lower water-contents the pH value increased, a 
phenomenon attributed to preferential dissociation. In soils of a 
more alkaline character a continual decrease in pH value takes 
place with diminishing water-content. A soil which at normal 
water-content had a reaction of pH 6-71 sliowed a reaction of pH 
8-42 when the soil-water ratio was I : 5. 

The sand-dune areas of South Australia, where sheep suffer from 
the Coast Disease, consist of calcareous sand of which the top foot 
contains about 64 per cent, of calcium carbonate and is greyish in 
colour owing to the presence of a small amount of humus. The 
reaction is here pH 8-5. Below the first foot the soil becomes 
yellowish, contains between 71 per cent, and 74 per cent, of calcium 
carbonate, and the reaction increases in alkalinity to pH 0 2. The 
chief herbage s]>ecie8 are Bromus rnadritensis and Lagurm ovatus 
with stunted Melilotus indim. On ungrazed areas Swainaonia 
lessertifolia is typical. Field trials in which tw^enty-five species of 
pasture plants were sown (10 spp. of grasses, 11 spp. Legumes) 
resulted in failure of most species to survive beyond the seedling 
stage. Treatments with various artificial manures showed little 
response to applications of the major elements. Further trials with 
other treatments indicated that deficiency of copper was the chief 
limiting factor. The deficiency disease shown by cereals on these 
calcareous dunes is regarded as identical with the cop|)er deficiency 
disease in Europe, known as reclamation disease, recorded from 
marshy, swampy, sandy and moorland soils in Germany, Holland, 
Norway and Denmark, where the soil reaction is often highly acid 
and thus in marked contrast with the Australian dunes (cf. D. S. 
Riceman and C. M. Donald, Australian Council Sci, Industr. Res., 
Bull. 78, 1938). 

Writing of the Zygnemales of Northern India, which constitute 
the dominant algal vegetation of the ponds, M. S. Randhawa 
recognises three seasonal groups, namely : (1) Late autumn and early 
winter annuals whose spores germinate from the end of August to 
mid-September, after the Monsoon rains, and form their zygospores 
in October and November. Fourteen species are placed in this 
category belonging to the genera Debarya, Mougeotia, Zygnema, 
Spirogyra and Sirogonium. (2) Late winter and spring annuals 
which germinate in late November or early December and ripen 
their spores in February and March or even April. This group 
comprises forty-seven species belonging to the genera Mougeoiia, 
Zygnemopsis (9), Zygnerm (8), Spirogyra (23) and Sirogonivm. 
(3) This group comprises two species only, Mougeotia sphesrocarpa 
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and Spirogyra dcedalm, both of which complete their life history 
in a few weeks and may ripen their spores at almost any season 
(Proc. Indian Acad. Science, VIII, 1938). 

The genus Botrydium is the subject of a paper by W. Vischer 
in Ber. der Schweizerischen Botanischen OeselL, 48, 538, 1938. A 
variety of Botrydium granuloaum is described under the name 
V. Koltivitzianum, which differs from the normal type of the alga 
on drying mud in having sympodially branclied rhizoids. A new 
species is described under the name B. cyioaum which has p 3 nriform 
bladders and the spores are liberated through an apical pore. A 
second species is distinguished as B. BecJtererianum in which the 
rhizoids ai-e long and tenuous and the spores also liberated through 
a pore. 

The Mucorales in soils of various types in Scotland have been 
studied by Dr. Marie Campbell. Sixteen samples were examined, 
obtained from seven different types of habitat. The total number 
of species identified was twenty-three, of which thirteen have not 
previously been isolated from soils in this country. Despite the 
wide range of soil ty}3e8, including sand-dunes, peat-bogs, wood¬ 
lands and salt marshes, and ranging in reaction from pH 4 (heather 
moor) to pH 8 (cultivated soil), there was little evidence of any 
specific association with particular soil types. The greatest number 
of species were found in the sand-dime soils (9) and cultivated 
soils (10). A point of some interest is that the positive forms of the 
Mucorales, which experiment shows have myceba more resistant to 
desiccation than the negative forms, are those which tend to be 
more widely distributed (Trans, Roy, Soc, Edinburgh^ LIX, 411-36, 
1938). 

ENTOMOLOGY. By H. F. Barkbs, M.A., Ph.D., Rothamsted Experi- 

mental Station, Horpondon. 

General Entomology. —The evolution of the Annelida, Onycho- 
phora and Arthropoda by R. E. Snodgrass (Smithsonian Misc, Coll,, 
97 , No. 0, 1938, 159 pp.) is an outstanding contribution of recent 
date. 

A. D. Hopkins (U,S, Dept, Agric,, Misc. Pub. 280, 1938, 188 pp.) 
in this exceedingly useful bulletin deals with bioclimatics which is 
the science of life and climate relations. In Part 1 the laws, prin¬ 
ciples, systems and methods of apphoation are considered. In this 
section one finds summaries of the more important results and con¬ 
clusions of applied bioclimatics to various problems in economic ento- 
mology. In Part 2, time, seasons, zones and zonal types receive 
attention. 
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The theory of cold-hardiness in insects up to the present has 
been mainly based on the purely physical relationship of water and 
protoplasmic colloids (proteins). I. W. Kozhantshikou {BuU, Ent. 
Rea,, 29 , 1938, 253-02) has studied the effect of temperatures below 
zero and also that of narcotics on the re8i)iration. He concludes 
that (jold-hardiness in insects depends on the physiological state ; 
thus the most resistant are the phases in diapause, less hardy are 
certain caterpillars stopped in their development, and developing 
or growing insects are practically non-cold-hardy. The difference 
in the cold-hardiness depends on the specificity of their cellular 
respiration. Growing insects show in their cellular respiration the 
prevalence of oxydases which act in connection with the structural 
elements of the cells. In cold-hardy insects the cellular respiration 
is closely connected with the anoxybiotic processes caused by the 
dehydrases, which are closely associated with the presence of non- 
saturated fatty-acids. The respiration of growing or developing 
insects is rapidly destroyed by narcotics, cyanide and low temjiera- 
tures since they destroy the cellular structures. In cold-hardy 
insects there is a thermostable part of the respiration which is 
also resistant to narcotics. Destruction of the cellular structure 
does not affect this respiration. Gold-hardiness increases with 
the increase of the perc‘entage of thermostable respiration. Freezing 
of the protoplasmic water only causes the death of an insect when 
there is no thermostable respiration. Finally the quality, not 
quantity, of the fats is probably the important factor. 

The relationship between insects and plant diseases was the 
subject of a recent symposium held by the American Association 
of Economic Entomologists (J. Econ, Eni., 31, 1938, 11-44). Insects 
in relation to diseases of truck crops were dealt with by A. A. 
Granovsky, those of trees and small fniits by L. 0. Kunkel, those 
of shade and forest trees by J. G. Leach and those of cereals and 
forage crops by F. W. Poos. N. E. Stevens described the problems 
involved in the control of plant diseases and insects. Lists of 
literature cited are given by Granovsky and Poos. 

The use of statistical methods in entomology are illustrated by 
a paper by G. Beall (Canad, J, Res., D. 16, 1938, 39-71) in which 
he gives a detailed analysis of fluctuations in the activity of the 
European Corn Borer. He has found that on a given evening the 
variation in number of moths over an area is distributed with the 
standard deviation of these chance variations equal to the square 
root of the observation. The use of this finding is to enable one to 
determine whether observations made on successive nights differ 
significantly when the seasonal trend is neglected. This would 
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enable one to use data from surveys and traps. This investigator 
has shown also that the importance of weather during a season can 
be estimated and calculations made as to the probable success in 
the extension of an insect’s geographical range. This was done by 
an examination of the relation between the flight of the moth and 
temperature. The (^on’espondence totwcon observed and estimated 
nightly magnitude of flight indicated that an estimate of flight over 
a small area is inexact on account of chance variation. 

L. 0. T. Mendcs {Rev. Eni., 8, 1938, 89-92) has con¬ 
structed a formula for determining the number of instars of 
insect larva? in cases when only limited data are available. It is 

n ™ -|~ 1, where n number of instars and z, y, and 

log z — log y 

a, are the measurements of the chitinous mandibles, for the last, 
penultimate and first instars respectively. It is thought that this 
formula will be useful in determining the number of instars of endo- 
parasitic larvoc. 

A. J. Nicholson (J. Counc. Sci. and Indust. Res. (Ansiralia), 10, 
1937, 101-6) has stressed the role of competition in determining 
animal populations. In fact, he claims that competition in a some¬ 
what wide sense is the only factor that can regulate the population 
densities of animals. 

The influence of Japanese beetle instars on the sex and population 
of the parasite Tiphia popilliavora has been studied by M. H. 
Brunson (J. Agric. Re^., 57, 1938, 379-86). Apparently the sex of 
the progeny is determined at the time the egg is placed on the host. 
Parasites from second instar larv® were j)redominantly males and 
those from third instar larvae predominantly females. The varia¬ 
tion in the relative number of host larva? that are in the third instar 
and also in the total host population at different colony points in 
the area heavily infested Mith the beetle tends to cause a variation 
in the parasite population at different colony points. The scarcity 
of third instar host larvae during the period of greatest parasite 
activity also reduces the effectiveness of the parasite regardless of 
the total population of host larvae present. 

The third part of F. X. William’s biological studies in Hawaiian 
water-loving insects deals with Diptera belonging to the families 
Ephydridas and Anthomyid® {Proc. Hawaiian Ent. Soc.y 10, 1938, 
85-119). The first two parts dealing resj^ectively with beetles and 
dragonflies appeared in 1936 (foe. cit., 9, 1936, 235-49). 

Orthoftbka. — ^M. Hussein has studied experimentally the 
effect of temperature on locust activity {Min. Agric. Egypt. Tech, 
and Sci, Serv., Bulb 184, 1937, 66 pp.). The experiments have 
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proved that the behaviour of locusts is controlled by the temperature 
of the environment acting through their body temperature. The 
larger-sized locusts always had higher temperature limits to various 
activity stages when placed in a rising temperature. Similarly when 
placed in a falling temperature the smaller insects ceased activity 
first. Again, it took longer to revive the larger insects when the 
locusts were cooled down to inactivity and then warmed up to activity. 
Hussein’s investigation has also shown that mass movements of 
hoppers and flights of adults are caused by excessive temperatures 
and last only so long as external factors are unfavourable. The 
three species studied show specific differences in their temperature 
reactions. 

K. H. L. Key (Counc, Sci, and Induai, Res. (Avstralia), Bull. 
117, 1938, 87 pp.) has brought together all that is known about 
grasshopper plagues in Australia, paying special attention to seasonal 
and geographical distribution as well as correct identification. 

CoLEOPTERA. —I. W. Williams {J. N. Y. Ent. Soc., 46, 1938, 
245-89) has studied the labia and maxillae of representatives of 
most of the coleopterous families. This worker agrees vdth F. S. 
Stickney (111. Bio. Mono., 8, 1923, 1-104), who, after examining 
the head capsule, arranged the superfamilies into two principal 
groups. The first includes the Caraboidea, Gyrinoidea, Hydro- 
philoidea, Silphoidea, Staphylinoidea, Cantharoidea (in part) and 
Scarabaeoidca. The remaining superfamilies fall into the second 
group with the exception of the Cerambycoidea, Brentoidea, Cur- 
culionoidea and Scolytoidea which are difficult to place in either 
group because of their 8})eciali8ation8. 

Two important papers on the taxonomy of some beetle larvsB 
have recently been published. One is on the Chrysomelinae by 
W. Henning (Arb. physiol, angew. Ent., 5, 1938, 85-135) and the 
other is on the Rhynchophora by P. v. Emden (Trans. R. Ent. Soc, 
Land., 87, 1938, 1-37). 

G. B. Walsh (Trans. Soc. Brit. Ent., 5, 1938, 199-222) has given 
the results of some experiments designed to test the hypothesis 
that there is some adaptive relation between beetles and the water 
content of their environment. He has found among other con¬ 
clusions that the rate of loss of water is dej>endent on the size of 
the elytra. Thus the Brachelytra show little resistance to drought 
conditions and are nearly always found in moist environments. 
Again beetles in which the elytra are in a close fixed position to the 
body have a slow rate of loss of water, e.g. sandhill beetles. 

Of recent years the view has been held that the nervous system 
exerts its control of rhythmic flashing of the firefly by acting on the 
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tracheal end-oells. N. S. B. Malosuf (Ann. Ent. 8oc. Amer., 31, 
1938, 374-80) has brought forward evidence to show that this 
tracheal end-cell theory is untenable. He has shown that the 
flashing is the result of the rising and falling of the osmotic pressure 
in the photogenic cells under spontaneous cerebral control. The 
four theories, “ accidental ” “ illusion,” “ sympathy ” and “ leader,” 
of synchronous flashing have lieen analysed by J. B. Buck (Qtly. Rev. 
Biol., 13, 1938, 301-14). He is inclined to think that a modified 
” leader ” theory in general is most satisfactory. 

Several important papers on the Colorado beetle have recently 
been published in the Annalea des Epiphyties et de PhytoghUtique 
(4, 1938). The first, by J. Peytaud (loc. cit., 29-94), deals with the 
acclimatisation in Europe of American insect enemies of this beetle. 
They include Tachinids of the genus Doryphorophaga, the Carabid 
Lebia grandia and the Asopids Perillua bioculatna and Podiava 
maculiventria. Another paper is by A. Couturier (loc. cit., 95-166), 
who has made a detailed biological study of P. maculiventria under 
French conditions. Ho has found that the principal obstacle to its, 
acclimatisation is the relative dr 3 me 8 s of the summer. Precipitation 
should be in the neighbourhood of 100 mm. diu’ing the hottest 
months. While such oonditions exist in eastern France, Germany 
and Poland, the dryness of the Mediterranean regions will limit the 
insect’s progress in a southern direction. 

LapinoPTEKA. —The available information on the genetics of 
sex in Lepidoptera is summarised in a review article by E. A. 
Cockayne (Bi<k. Rev., 13, 1938, 107-32). 

The origin and development of entomophagy among Lepidoptera 
has been discussed by W. V. Balduf (Amer. Nat., 72, 1938, 368-79). 
Four types are involved—cannibalism, occasional predatism, 
habitual predatism and parasitism. 

A study of the effect of the sting of the Braoonid, Microbracon 
hebetor on the respiratory rate and quotient of Epheatia k&hniella 
larvae by Nellie M. Payne (Biol. Bull., 73, 1937, 147-64) has shown 
that, while the respiratory rate is greatly lowered, the quotient is 
not altered. 

Hbmiftbra.—J. W. Evans (Papers and Proc. R. 8oc. Taamania 
1937, 1938, 1-20), after studying the morphology of the head of 
Homoptera, has compared the phylogenetic relationships of the 
various groups. The Peloiidiidae are apparently derived from the 
lowest level of the protoh 3 nnenopterou 8 branch, followed by 
the Fulgoroidea. The latter resemble Hemiodoecua, a Peloridiid, 
both in the structure of the head, the primitive type of genitalia 
in which no sub-genital plates are developed and their tegminal 
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venation. Next come the Cicadida^, followed by the Cercopidse. 
The Jassoidea and Membracidae are highest on account of their 
reduced tentorium which is believed to be a recent development 
brought about by the progressive backward migration of the dilator 
muscles of the sucking-pump on the cranial walls. 

H. C. James previously (see Science Progress, No. 127, 1938, 
547) showed that in Pseudococcus citri there wag a higher proportion 
of males in families derived from over-aged ova than in families 
resulting from eggs fertilised at the normal time. Now he has 
carried out experiments (Proc. li. Ent. Soc. Land., A, 13, 1938, 73-9) 
which show that, vdiile drier environments favour the production 
of females, the differences observed are not sufficiently large to 
suggest that the humidity of the environment is the main factor 
involved in the abnormal sex ratios derived from over-aged eggs. 

The first contribution by I). H. R. Lambers towards a mono¬ 
graph of the Aphididae of Europe (Temmiuckia, 3, 1938, 1-44) 
deals with the genus Macrosiphonidla the majority of whose species 
live on Artemisia spp. 

A. C. Evans (Ann, Appl. Biol., 25, 1938, 568-72) has shown that 
under late summer conditions of light the rate of reproduction of 
Brevicoryne brassicce is positively correlated with the nitrogen 
content of the host plant and in particular with the protein content. 
The development of winged forms is negatively correlated with the 
protein content of the jilant. He has also shown that the chemical 
composition of the plant affects the rate of growth, length of larval 
period and final pupal weights of Pieris brassicm. 

Hymenoptera.— Host specificity by parasites was pointed out 
by G. Salt in 1935 (see Science Progress, No. 119, 1935, 507) to 
depend on three processes, viz., host finding, host selection and host 
suitability. At the same time he discussed host selection. Later 
Joyce Laing (see Science Progress, No. 129, 1938, 121-2) investi¬ 
gated host finding. A second paper on this subject by this worker 
has now appeared (J. Expt. Biol., 15, 1938, 281-302). In the 
previous paper the way in which the parasite finds its host was 
degcribed. Now the results are given of quantitative experiments 
made to discover the effect of variation in the size of hosts and the 
distance between them upon their chance of being found. G. Salt 
(Bull. Ent. Res., 29, 1938, 223-46) has discussed some experiments 
on host suitabUitiy. Even if the host is found and is accepted the 
attack may be thwarted because the host is unsuitable for the adult 
parasite. In such cases the host may escape attack, it may resist 
the attack actively or passively or it may inhibit oviposition. On 
the other hand the parasitism may be unsuccessful because the 



ENTOMOLOGY 


665 


host is unsuitable for the developing parasite. The host may bo 
physically, chemically or biologically unsuitable. Instances of 
physical drawbacks are size, texture, unfavourable humidity for 
pupation and covering too thick for emergence. The host may be 
unsuitable chemically as food. Various biological reasons for 
unsuitability include the death, movement and moulting of the 
host, also its phygoeytic reactions as well as the interference of other 
parasites. Salt also discusses the whole subject of host specificity 
in the light of recent research. 

Diptera. —A new type of temperature gradient apparatus has 
been described by R. C. M. Thomson (BulL Ent. Res., 29, 1938, 
125-40) in a paper on the reaction of mosquitoes to temperature 
and humidity. For the humidity reactions the alternative chamber 
described by D. L. Gunn and J. 8. Kennedy (see Science Progress, 
No. 123, 1937, 521) was used. The new temperature gradient 
apparatus is based on the same principle. 

In some notes concerning what may be an acalyptrate Muscid 
parasite on Mycetophilid larvae, W. R. Thompson (Parasitology, 
30, 1938, 170-80) gives a summary of dipterous parasites of Diptera. 
Such occurrences are comparatively rare, with the exception of the 
parasitism of larval Tipulids by several species of Tachinids including 
Bucenies spp. 

A key to the Hawaiian Drosophililee has been made by E. H, 
Bryan, Jr. (Proc. Hawaiian Ent. Soc., 10, 1938, 25-42). This 
includes notes on the characters of chief taxonomic importance in 
this group. Up to date 64 described species belonging to seven or 
eight genera have been recorded from Hawaii. 

E. T. Burttin 1937 (see Science Progress, No. 128, 1938, 757) 
suggested that Weismann’s ring in the larvae of Calliphora re})re- 
sented the modified corpora allata. This finding was based on 
morphological and histological evidence. He also suggested that 
this organ was responsible for pupation. It has been previously 
found by Fraenkel (1935) that pupation was induced by a hormone 
which was secreted in the legion of the central nervous system. 
Hadorn (Proc. Nat, Acad, Sci., Wash,, 23, 1937, 478) came to the 
same conclusion as Burtt after studying Drosophila mdanogaster. 
He transplanted rings from larvae ready to pupate to younger 
larvae and found an acceleration effect. Now E. T. Burtt (Proc, 
R, Soc, Land,, B., 126, 1938, 210-23) has done some ex{)oriinenta 
destroying the ring in larval CaUiphora. The result was that pupa¬ 
tion was prevented. It is concluded that Weismann’s ring secretes 
the pupating hormone. 

Othbr Obdbbs.—H itherto the available information concerning 
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the biology of the Strepsiptera has been practically nil with the 
exception of Nassonov’s studies (1892-3). Now however a detailed 
account of the bionomics and host relations of Corioxenos anteetice, 
which is an endoparasite of the ‘ ‘ variegated coffee-bug ’ ’ Anteatia spp., 
has been given by T. W. Kirkpatrick {Trans. R. Ent. Soc. Land., 86 , 
1937, 247-343). This investigator recently dealt with the colour 
vision of the former insect’s triungulin larvae (see Science Progress, 
No. 128, 1938, 768). The internal anatomy of C. antestice has been 
described by B. Cooper (Proc. R. Ent. Soc. Land., A, 13, 1938, 
31-64). These papers are valuable contributions to our knowledge 
of the Strepsiptera. 

ARCHiEOLOGY. By E. N. Faixaize, B.A. 

Among recent announcements of discoveries relating to early man, 
by far the most spectacular are those of the discovery of fragments 
of an additional skull of PithecarUhropns erectus in Java, which 
not only demonstrate the variability in form within the characters 
of the type of this early member of the genus Homo, but, on the 
testimony of Dr. F. Weidenreich, further emphasise relationship 
with Peking man (see Nature, Oct. 16, 1938, 716); and the records 
by Dr. R. Broom of discoveries in South Africa of the remains of 
fossil anthropoids, which not only come closer to the line of descent 
of early man than any previous discoveries, but also afford evidence, 
apparently, of the assumption of the erect posture in modifications 
of the humerus and the bones of the toe, making them almost 
indistinguishable from the human (see Nature, November 19, 1938, 
897). These discoveries, however, belong more properly to the 
study of the physical characters of early man, and ^ar only in¬ 
directly on the development of his culture. 

Early Man in the Malay Peninsula. —A discovery of more 
directly cultural bearing is the annoimcement of the discovery for 
the first time in the Malay Peninsula of stone artefacts in a geological 
context, which can be assigned definitely to a Pleistocene horizon. 
The announcement is made by Mr. H. D. Collings in Nature of 
September 24, 1938, 676-6. The discovery was made on the 
banks of the Perak River, about 3 miles south of Lenggong, Upper 
Perak, just below the 260-ft. contour line, in what is probably an 
old terrace of the Perak River. Here a deposit of volcanic tuff 
overlies a bed of sand and gravel resting on laterite. In this and 
two other nearby gravel-beds were a number of stone tools, the 
majority made from pebbles, and comprising choppers and hand- 
axes, the flaking being of a minimum ; also flakes worked up into 
scrapers of various types and pebble hammer-stones. The plaoe 
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evidently was a workshop, and perhaps, it is suggested, a dwelling- 
site. The culture seems to present affinities with the ‘‘ Pajitan ” 
of Central Java. 

Early Man in Southern Arabia. —Another investigation of 
considerable interest for quaternary prehistory is that of the expedi¬ 
tion to the Hadramaut in Southern Arabia made by Miss G. Oaton- 
Thompson, Miss Elinor W. Gardner, and Miss Freya Stark {Nature^ 
July 23, 1938, 139-42). The object of the expedition was to 
investigate the geological conditions and dating of the Wadi Hadra¬ 
maut, and at the same time, as little of value was known of the 
archaeology of the region, to examine any cultural material that 
might be encountered which could be assigned to a pre-lslamic 
dating. The expedition was productive of some very interesting 
results, e.specially in their bearing on the early relation, or rather 
absence of relation, between Africa and Southern Arabia. In the 
Wadi Aind, a tributary of the Hadramaut, three terraces were 
distinguishable, at 10, 5 and 3 metres above the wadi floor. In the 
10 -metre terrace gravels interbedded with seolian silt, identical with 
that of the valley floor, were stone implements of Levallois type, 
which, however, were of a crude workmanship and undifferentiated 
in type. There is here no succession of Stone Age cultures, such 
as occurs elsewhere, and not only does the industry show no 
sign of development, but there is a complete absence throughout 
of hand-axe, blade or burin. An obsidian industry of small blade 
cores and geometric forms was found, but by its associations is 
proved conclusively to be historic in chronology. The interpreta¬ 
tion which Miss Caton-Thompson and Miss Gardner place upon this 
evidence is that there must have been in Pleistocene times in this 
region a complete absence of the stimulus towards progress coming 
from contacts with more progressive culture groups, while in view 
of the spread of the hand-axe cultures over the whole of Africa in 
the PalsBolithic iieriod, it may be concluded that the absence of this 
stimulus in Southern Arabia points to a marine separation of 
Southern Arabia and East Africa at this early period, eliminating 
conclusively the cultural interchange through this region, which had 
been suggested hypothetically. Excavation at Hureidha of remains, 
dating possibly from the sixth to fourth century b.o., produced 
evidence of an irrigation system, habitation sites, cave burials, and 
a temple of the Moon, of no little intrinsic interest and of value as 
the first fully authenticated arcbseological evidence to be derived 
from this region. 

Culture Cycles in Antiquity. —Advantage was taken of the 
presence of a large number of anthropologists and archaeologists 
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at the Cambridge meeting of the British Association to arrange for 
the discussion of a number of problems of general import. Among 
these was a discussion on the Middle Palaeolithic, while in his address 
on “ The Orient and Europe the President, Prof. V. Gordon Childe, 
handled the problem of cultural diffusion and chronology in the 
Bronze Age in the light of archaeological discovery of the last ten 
years with consummate mastery of the facts and characteristic 
breadth of view. 

The discussion on the Middle Palfcolithic was opened by Mr. 
Miles Buikitt, who pointed out that the expression ‘‘ Middle Palax)- 
lithic ” has itself become ambiguous, and is no longer used by the 
majority of prehistorians. He was followed by Sir Arthur Keith 
on the skeletal evidence of Neanderthal man, who pointed out that, 
while a general type of Homo nmnderthalensis is recognised in 
Europe, modifications arc distinguished, such as the Chapellian, the 
Ehringsdorfian, Krapinian, and outside Europe, the Palestinian. 
The number of these modifications may well increase as knowledge 
increases, and will probably be found to coincide with the different 
cultures of the civilization, but the culture cycle as a whole is the 
product of an undifferentiated Homo nmndtrihalmais. Dr. P. E. 
Zeuner dealt with the geological evidence, and with the lithic in¬ 
dustries of Ehringsdorf and Wallertheim, summarising the work of 
a large number of authors, in which the stratigraphical position of 
Mousterian and Aurignacian man can be studied in detail. It 
was evident, he pointed out, that in the area from Central and 
West Europe, through the Mediterranean to Palestine, the Mouste¬ 
rian, Lovalloiso-Moustcrian, and the uppermost Levalloisian, prob¬ 
ably representing Homo nmnderthalensis, lasted from the warm 
inter-glacial Riss-Wurm until the end of the first phase of the Wiirm 
glaciation, while the Aurignacian, representing Homo sapiens, every¬ 
where appears before the maximum of the second phase of the 
Wiirm. It would seem, however, that Aurignacian man did not 
appear generally in the area under consideration before the middle 
of the interstadial Wiirm l-Wiirm 2. In North France and possibly 
in parts of Middle Italy the Middle Pala3oIithic did not become extinct 
before the climax of the second phase of the Wiirm glaciation, when 
the Aurignacian had become well established in the remainder of the 
area. Dr. D. A. E. Garrod dealt with the Middle PalcBolithic flake 
industries of the Near East, basing her remarks upon her discoveries 
in the Palestine caves, where the cultures extend from Tayacian, 
and date probably from a relatively early stage of the Riss-Wilrm 
interglacial. This is followed by a late Acheulean, followed in turn 
by a long cycle of flake industries, which can best be described as 
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Levalloiao-Mousterian. A marked change in fauna probably corre¬ 
sponds to the transition from the Riss-Wurra interglsrcial to the 
Wiirm 1. 

Mr, A. L. Armstrong discussed the problem as it presents itself 
in South Africa, whore the earliest phases, especially in Rhodesia, 
appear to be linked with the South African Acheulean, and the later 
ones with the South African Aurignacian. The English evidence 
was discussed by Dr. K. P. Oakley, who dealt with the industries 
in relation to the Pleistocene sequenc?e in South-East England, and 
Mr. T. T. Paterson, who discussed the evidence of the Pleistocene 
sequence in the Thames valley. The result of the discussion will be 
found summarised by Mj\ Burkitt in Nature of September 17, 1938, 
512-13, where, while he admits that it cannot be said that the 
tjuestion was entirely dismissed, he points out that the term was 
not like Middle Pleistocene an expression of time, and that it 
is obviously unsatisfactory, os cutting across an evolving culture 
like the Levalloisian. The content of the phrase, he goes on to 
say, has therefore grown to include all the cultures before the 
Aurignacian, the industries which for the most part are made from 
flakes, as is the case with the Mousterian and Ixivalloisian, in contra¬ 
distinction to the coup-de-poing, and core-tool culture or cultures. 
Now it is pointed out that these flake-tool industries are not all 
similar, but are the products of allied, though slightly dift'ering, 
cultiu*e8. Even in Euro|>e there are the Cromerian, Clactonian, 
Levalloisian, Tayacian, Weimar, Mousterian, etc., their distribution 
sometimes fairly wide, at others restricted, not all of them con¬ 
temporary, and some overlapping in time. Some wore contempo¬ 
rary with the entirely different c(mp-de-2>oi7ig culture, but distribution 
maps show tliat the two great culture groups are quite distinct, 
though a line of contact occurs in North-Eastern France and Bel¬ 
gium, and in South-Eastern England. Speaking generally, one can 
say that the cultures comprising the flake civilisations are foiuid 
from the North Sea to China, and those of the core-tool civilisations 
in Western Euroj)e only, and southward over most of Africa. We 
are, therefore, faced with the fact that as early as a period preceding 
the Up|)er Palaeolithic, and in fact forming the Lower Palajolithic, 
there existed in the world two quite distinct civilisations or culture 
cycles, each made of a greater or smaller number of differing, though 
allied, cultures. Prom the foregoing it is evident that it is quite 
erroneous to name a culture of the flake«tool industry from outside 
France by the French name, unless the two cultures concerned are 
not merely allied, but identical. The term Mousterian, for example, 
should be restricted to the French cidture, the industries of which 
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axe well known and the products of a particular branch of Neander¬ 
thal man. It simply confuses the issue to use the name to describe 
allied industries found elsewhere in Europe, the product of differing, 
though related cultures, simply because both belong to the same 
culture cycle. Still worse to use this term, or perhaps equally, 
such terms as Clactonian, etc., to describe industries found in such 
far-flung parts of the world as South Africa or India. 

The importance of the bearing of this argument on Palaeolithic 
studies is further emphasised in a study of the Upper Palaeolithic 
by Dr. D. A. E. Garrod (Proc. Prehist. Soc., 1938, Jan.-July). 
There she points out that the effect of the researches of the last 
twelve years and the multiplication of researches outside Europe 
have placed a very different complexion on studies of the Later 
Palaeolithic, while excavation in Africa, the Near East, Asiatic 
Russia, and China have opened up new fields for speculation. In 
these circumstances the inadequacy of the classification of Palaeo¬ 
lithic industries first propounded by de Mortillet, based on discovery 
in Western Europe, or rather in France, has become increasingly 
apparent. The main outline of the new pattern is already beginning 
to appear, in which we can distinguish in the Old Stone Age three 
cultural elements of primary importance. These are manifested in 
the so-called hand-axe industries, flake industries and blade indus¬ 
tries, and we know that the first two run side by side, at least so 
far as we can see. While this is the old division of Lower, Middle, 
and Upper Palaeolithic in a new guise, it has a new axis, and care 
must be taken not to make it too rigid, for the cultures do not run 
parallel and independent, but are perpetually meeting and influencing 
one another. These general considerations are preliminary to a 
consideration of the problem of the origin of the blade industries, 
the cultures which appear in Europe towards the close of the 
Pleistocene and mark the extinction of Neanderthal man and the 
appearance of Homo sapiens. Essentially they are blade industries, 
the characteristic industries of Upper Pateolithic times, although in 
certain areas industries of Mousterian tradition lingered on. It 
is clear. Dr. Garrod goes on to say, that these blade cultures 
must have passed through the early stages of their develop¬ 
ment somewhere outside Europe, during Middle or even Lower 
Palseolithic times, but at present we have only the faintest 
clues as to how and where that development took place. As 
a corollary it is pointed out that in speaking of Upper Faleeolithio 
the limitation it implies is a limitation due to our defective know¬ 
ledge, and, while the term may be used of the period, we should 
refrain from falling into the error of calling the industries them- 
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selves Upper Palaeolithic Unfortunately it is not possible here 
to follow Dr. Garrod through her interesting and instructive sum¬ 
mary of the results of recent research on a worldwide basis. One 
example of the type of problem she has in view is afforded by 
M. Peyrony’s recent researches in Perigord, which have shown, not 
without acute criticism from the Abbe Breuil, that, while the Upper 
and Lower Aurignacian are there closely related, they contrast with 
the intrusive character of the Middle stage. Notwitlistanding his 
criticism of detail, the Abb^ Breuil emphasises the notion of a double 
element in the Aurignacian, and it is pointed out by Dr. Garrod 
that discoveries in the Near East underline this view. 

It is unnecessary to stress the importance of the line of analysis 
taken by Dr. Garrod in this study, especially, for example, in its 
bearing on such a problem as that posed by Dr. HrdliCka a few years 
ago in discussing the origin of Aurignacian man, when with his 
usual critical acumen he placed his finger on the weak point in 
current argument as to the origin and lines of migration of Aurigna¬ 
cian man, and pointed to the lack of any convincing evidence of 
origin from outside Europe. 

In summing up her results Dr. Garrod, “ taking a last general 
view of this theoretical picture,'' sees the Chatelperron point as the 
earliest identifiable phylum of the blade cultures, already emerging 
in Lower Palaeolithic times, in some yet unidentified centre. 
Ultimately, she says, we may conjecture it sends out two branches, 
one into East Africa, to influence the evolution of the Capsian, the 
other into North-East Europe to develop into the Gravettian. 
Meanwhile another stock, the Aurignacian, pushes westward, and 
separates the two great provinces. From the Aurignacian and 
Gravettian centres migrations move into Central and Eastern 
Europe along the southern edge of the ice-sheet, and cultures, which 
in their homesteads tend to remain distinct and exclusive, succeed 
and influence each other, until at the extreme limit of their journey 
we get the characteristic French sequence, which for so long was 
used as a standard for the rest of the world. 

Cultural Diffusion in the Bronze Age. —^Analogous tracing 
of cultural movement and diffusion is the basis of argument in 
Prof. Childe’s British Association address, to which reference has 
already been made. Here he goes back to the argument of Monte- 
lius, formulated just on forty years ago, in which certain propositions 
were laid down, as aspirations then, rather than conclusions based 
on ascertained evidence, bearing on the relations of geographically 
separated civilisations and cultures. Prof. Cbilde*s aim was to show 
how the evidence of archaeological research of the last ten years 
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hae led to a redrawing of the picture, but fundamentally in its 
demonstration of the diffusion of culture bears out Montelius in his 
statements or conclusions. 

The propositions as stated by Prof. Childe were (1) civilisation 
in the Orient is extremely ancient; (2) civilisation can be diffused ; 
(3) elements of civilisation were in fact diffused from the Orient to 
Europe ; (4) the diffusion of historically dated oriental types pro¬ 
vides a basis for bringing prehistoric Europe within the framework 
of historical chronology; (6) prehistoric European cultures are 
poorer than contemporary Oriental cultures, that is civilisation is 
later in Europe than it is in the East. Evidence from recent 
excavation was adduced by Prof. ChQde in support of each of these 
propositions. He pointed out that in Mesopotamia and on the 
Anatolian plateau chalcolithio civilisation could be traced in effect 
back to the sixth millennium b.c. and that this could be correlated 
with discovery in Macedonia and Central Europe. On a long time 
reckoning this might be taken as giving a date for the earliest stage 
of the Bronze Age in Central Europe of approximately 2800 B.c., 
while it is possible to trace a gradation of culture along these lines 
from the advanced city-culture of Mesopotamia of the Early 
Dynastic period through zones of ever decreasing cultural achieve¬ 
ment ultimately to the food-gathering peoples of North-Western 
Erurope. Even if the short time-scale were to be adopted, as archsso- 
logical correlations appeared to demand, a similar though narrower 
system of zoning could be established, which supported the theory 
of a diffusional spread of cultme and at the same time equally 
corroborated the propositions which had been put forward by 
Montelius in their entirety. 

The theory of cultural diffusion as a method of argument in 
archaeology has recently been the subject of frequent attack in 
Soviet circles. A statement of how the Marxist doctrine affects 
archaeological argument is well illustrated in a recent summary of 
Russian work on the Old Stone Age in European Russia by Eugene A. 
Golomshtok {Trans. Amer. Phil. Society, N.S., 29, 1938; see also 
Nature, October 16, 1938, 693-6) in which cultural development in 
situ is matde the dominant factor in progress. 

A valuable study of cultural movement as applied to Bronze Age 
problems in Britain will also be found in “ The Early Bronze Age 
in Wessex ”, by Stuart Piggott {Proc. Prehist. Soc., 1938, Jam.- 
July), with a pendant in an account of the excavation of a barrow 
on Breach Farm, Llanbleddan, Glamorgan, by W. F. Grimes in the 
same issue of the Proceedings of that Society. 
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Recent Views on the Luminescence of Solids (J. Ewles) 

The recent conference of the Faraday Society on Luminescence 
reflects the rapidly accelerating interest and importance of the 
subject. The interest has been stimulated by the needs of industry 
and the vigour with which industrial research has been ajiplied in 
the preparation and use of luminescent powders for television 
screens and for improving the colour rendering of the modern 
discharge lamps. The imj>ortance of that part of the subject with 
which this essay deals lies in the recognition that the luminescence 
of solids is a proj^erty of the crystal state. Curie has added to the 
accumulation of evidence for this view an account of ex])eriments 
showing that the luminescence of glasses increases as they become 
more crystalline, while Tomaschek’s study of the line spectra of 
chromium-activated luminophors suggest far-reaching possibilities 
in the investigation of the solid state. 

The preparation of a luminescent inorganic solid often involves 
the addition of a small trace—sometimes as little as one part in a 
million—of some activator to a transparent crystalline body with 
subsequent firing at a high temperature. But there appear to be 
oases where pure crystals may be made luminescent. Thus, besides 
the well-known pure tungstates, molybdatcjs and platinocyanides, 
which are strongly luminescent at ordinary temperatmes, Randall 
reports that many substances wliieh are quite inactive at ordinary 
temperatures glow brightly under ultra-violet light at temperatures 
below about — 100° C., and that in some of these cases there is good 
reason to believe that the luminesoenoe is a property of the pure 
solids. Biehl confirms the observations of several previous workers 
that absolutely pure zinc sulphide is luminescent and Ewles has 
obtained a strong ultra-violet fluorescence from spectroscopically 
pure calcium oxide. Nevertheless, it is still doubtful whether a 
pwt ideal crystal can be luminescent, for it seems very probable 
that the phenomenon can always be traced to the presence of some 
inhomogeneity—^a fault, a strain, a departure from stoichiometric 
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ratio. Further it is fairly certain that in some cases luminescence 
is a more sensitive test for impurities than the spectroscope. 

The theoretical possibility, however, of pure crystal luminescence 
may be seen in terms of the modern quantum theory of crystals. 
According to these ideas the valence electrons in a crystal may only 
lie within certain permitted energy zones separated by forbidden 
regions (Fig. 1). In an insulator such as a luminescent crystal the 
occupied bands are quite full and on statistical balance there are 
always as many electrons moving in any direction as in the opposite 
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way even in electric fields. Only when an electron is removed from a 
full band to a higher empty band does it become free to move 
through the crystal and the hole left behind in the lower band acts 
like a positive electron also free to move. The energy required to 
remove an electron from a full band to a higher “ conduction ” band 
corresponds in a transparent crystal to a quantum of light in the far 
ultra-violet and that is why such crystals are normally insulators. 
In addition there exist in the forbidden region narrow bands of 
permitted energy value corresjwnding to the energy required to 
raise an electron to an excited state and giving rise to narrow 
absorption bands on the long-wave side of the continuous absorption 
corresponding to the first process. Von Hippel has shown that in 
the case of the alkali halides the energies of excitation are roughly 
equal to the energies required to remove an electron from a halogen 
ion to a neighbouring alkali ion. In the excited state the ions move 
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into new positions of equilibrium and, according to Seitz, the presence 
or absence of luminescent radiation depends on the relative positions 
of the curves representing the potential energy of the states as 
functions of the positions of the ions. There are reasons for sup¬ 
posing that the two curves will attempt to cross. Actual crossing is 
forbidden, but they may come very close before breaking aj^art again. 

If as in Fig. 2 (a) the upper curve has its minimum before “ cross¬ 
ing,” the system after the absorption transition AA' slides down 
to the j)oint B' with dispersal of energy to the surrounding lattice 
and then jumps to the normal state with emission of radiation 
represented in energy value by B'B. The reason for Stokes’ Law 
is obvious. But if as in Pig. 2 (ft) the upper curve has its minimum 
after ‘‘ crossing,” no optical radiation will occur since after the 
absorption transition AA' the system slides down to D with thermal 
dissipation of energy and then slides either to A or to E. In the 



latter case thermal energy from the lattice is usually enough to lift 
it again to D with subsequent sliding down to A. 

In general, as we have seen, the absorptions corresponding to 
the above processes in pure crystals lie in the far ultra-violet whereas 
in the most brilliant luminescent crystals the exciting absorption 
is in the near ultra-violet or even in the visible. In some cases 
there is fairly definite evidence that absorption and emission 
correspond to energy changes in some group or radical in a compli¬ 
cated molecule ; in others such as solids activated by the rare 
earths or by chromium, to transitions in an incomplete ionic shell 
shielded by a completed shell. But there is a large class, including 
many of those of industrial interest such as zinc sulphide and 
various silicates, activated by metals other than rare earths or 
chromium, where absorption and emission cannot be so directly 
linked with energy changes in the activating atom or molecule. In 
such cases it is supposed that the activator introduces new sharply 
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defined energy levels in the crystal, localised at the activator. 
In some cases it is fairly certain that the activator biings in new 
absorption bands on the long-wav© side of the fundamental 
absorptions and that ab8or|>tion in these new bands gives rise 
to luminescence. The absorption process may result either in 
the raising of an electron from an activator level to a conduction 
level or from a lower band to an activator level and thence to a 
conduction band. Emission then takes place either when an 
electron falls from a conduction band to an activator level or from 
an activator level to a hole in a lower band. Milner suggests how 
these processes may account for the time delay involved in phos- 
j)horc8cenoe. Before an electron can drop back from an activator 
level to a lower band it must wait for a hole to apj^ar at the position 
of the activator. This may take a long time since the holes travel 
slowly and the activators are few and far between. Gurney and 
Mott suppose that the exciting absorption raises an electron in an 
activator atom to an excited state whence thermal energy from the 
surrounding ions of the lattice is enough to raise it further to the 
conduction band. Here it travels freely through the crystal until 
it becomes trapped at one of the bound energy levels that exist at 
surfaces and in the neighbourhood of lattice defects. Eventually 
it may be released and find a positive hole to combine with, giving 
rise to phosphorescence in the process. 

Such ideas imply a direct connection between phosphorescence 
and photoconductivity, but there are certain cases where phosphores¬ 
cence is unaccompanied by photoconductivity. It therefore seems 
necessary to suppose that an excitation state can also be trapped. 

Seitz observes that the absorption band exciting luminescence in 
the alkali-halide phosphors activated by thallium is in the same 
region as the characteristic absorption of thallium ions as measured 
by Hilsch and Pohl, and therefore suggests that the luminescence 
here is due to transitions in thallium ions which have replaced 
alkali ions in the lattice. In the case of pure zinc sulphide he gives 
reasons for supposing that the luminescence is due to extra zinc 
atoms in lattice interstices, while with activated zinc sulphide 
it is due to interstitial atoms of the impurity. Riehl appears to 
take a similar view, and describes experiments to show that the 
failure of bismuth and lead to activate zinc sulphide is due to the 
fact that they are too big to get into the available interstices. Riehl 
also raises the fundamentally important question of the seat of the 
exciting absorption. He has shown that some 80 per cent, of the 
absorbed radiation is converted into light and argues that this can 
only be explained if the whole of the lattice is taking part. 
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It urill be seen that although this oonferenoe fulfilled its prime 
function of arousing discussion, most of the fundamental questions 
are still in debate. Can a pure ideal crystal show luminescence or 
is some inhomogeneity (foreign impurity, departure from stoichio¬ 
metric ratio, lattice fault, etc.) necessary ? What is the nature of 
the absorption and emission and where do they occur ? Why do 
certain activators work and others not ? All these have yet to be 
answered with certainty. One thing is clear—^they can only be 
answered on the basis of much more experimental evidence than 
exists at present. 

Annual Report of the Calcutta School of Tropical Medicine and 
the Carmichael Hospital for Tropical Diseases, 1937 (P. J.) 

The investigation into the nature and origin of epidemic dropsy 
has now continued for over ten years and is still not concluded. 
It has been shown that people who have not adopted the Bengali 
diet are rarely attacked by this disease. Europeans and Marwaris 
living in endemic areas are never attacked. 

According to Acton and Chopra, the etiological agent of the 
disease is a toxin developed in certain rices. According to Chopra, 
Chaudhuri and Lai, the poor people who consumed the rice water 
escaped the disease, but the mid^e-class people who threw away 
the rice water were the victims. It was said to arrive from rices 
improperly milled and stored, but outbreaks have occurred among 
those using sun-dried and hand-pounded rice as well as among those 
taking parboiled and milled rice. The incidence of the disease and 
the consumption of opaque grains of rice are not correlated. 

McCarrison found that rices fi«ed by repeated washing from the 
supposed toxin were more harmful than the unwashed rices. With 
regard to the opacities produced in rice grains by micro-organisms, 
it has been stated that when rice is stored in hot and humid con¬ 
ditions, the bacteria attacked the grains and produced the opacities, 
the gram-positive spore-forming organisms gaining entrance through 
the germ and producing opacities in the interior. It has, however, 
been shown that opacities occur naturally in certain races of grains, 
and no organisms can be recovered from the cut surface of the 
opaque grain if the surface is properly sterilised. 

Gram-positive spore-bearing bacteria belong to many different 
strains, and 28 varieties have been described. It is stated that in 
almost every case of epidemic dropsy there is a preponderance of 
gram-positive bacilli in the stools in the early stage, but in 10 per 
cent, of non-epidemic dropsy oases a similar bacterial picture is 
seen in the films. Those observers who favour the mustard oil 
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theory for etiology of epidemic dropsy depend on the epidemiological 
survey for the detection of the mustard oil responsible for the 
symptoms. Some of these suspected oils from various sources 
failed to transmit the disease ; no toxin has been isolated from the 
suspected samples. The mustard oil theory fails to explain the 
seasonal incidence of the disease, and the occasional epidemic out¬ 
breaks where no mustard oil has been used. 

Attempts to isolate a virus from epidemic dropsy cases have 
failed and it seems unlikely a virus with racial prejudice is at work. 
Although a large amount of epidemiological data and certain experi¬ 
mental evidence has been adduced in favour of the mustard oil 
theory, more work is needed before it can be accepted—e.gr. the 
nature of the toxin or the chemical method of detecting it in the 
suspected oil has to be worked out. Also on the bacteriological 
and vims side more work must be done before “ the role of any 
organism in the causation of this disease can be established or 
definitely rejected.” 

WeiVs Diaease (Leptospiral jaundice).—Although no cases of 
this disease have been published it is probable that Weil's diseaae 
has occurred in India for many years. The appearance of two oases 
at Sambhunath Pandit Hospital started an investigation of the 
subject, and from one of these coses leptospira was isolated by blood 
culture and by inoculation of urinary deposits into guinea pigs. 
This strain has been named ” Chopra strain.” It is serologically 
identical with the Dutch strain, and with English strains isolated 
in Ix)ndon, but differs from many other strains (Burma, Sumatra 
and Andaman). More recently five more cases have occurred in 
Calcutta. The disease is not confined to people engaged in any 
particular occupation, no history of river bathing or contact with 
dirty water. But all patients lived in rat-infected houses. 

The mortality rate, 2 out of 6, is high in this series ; in each 
case the diagnosis was established by blood culture, animal inocula¬ 
tions with blood or urine. 

It is suggested that there is more than one serological type of 
leptospira in Calcutta, in which case serum reaction as a diagnostic 
method is valueless and misleading, while all the local strains have 
not been isolated. 

The incidence of leptospira infection in local rats is very low. 
Out of 180 rats examined in 1925 none gave positive results ; during 
1931 out of 193 rats only 2 showed the infection; more recently 
out of 62 animals examined, including 2 rats trapped in a patient’s 
house, all were negative. 

To determine whether there was an immunity in these rate 
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protection tests were carried out with the sera of some of these 
animals against the local human strain, the result was negative in 
all cases. Further cases have been reported from other districts 
of India and a detailed account will be published when sufficient 
data are available. 

Radio-sounding Balloons (S. K. L.) 

Considerable attention has been given for several years in Europe 
and America to sounding the atmosphere by means of radio signal¬ 
ling. Most of the known methods suffered from some disadvantage 
or other, and an investigation was therefore made by the Radio 
Department of the N.P.L. to overcome these faults. A satisfactory 
method was eventually developed and is described in Proc. Roy, Soc,, 
A, 167, 1938, 227-50. 

The apparatus is arranged to give a continuous indication of 
atmospheric temperature and pressure at various altitudes, and 
measurement is effected at the ground station. A free balloon is 
used to carry a miniature radio transmitter which emits signals 
continuously during the flight. The transmitter is suspended by 
its aerial from a parachute, which in turn is attached to the balloon, 
so that when the balloon bursts, the transmitter makes a safe 
descent. An advantage of the free balloon system is that the ultimate 
loss of the apparatus is of no importance, for the required measure¬ 
ments are completed during the flight. Actually there have been 
very few instances of lost or damaged apparatus, and often the 
transmitter is used again for further tests. 

The balloon is 4 ft. in diameter, and is filled with 120 cu. ft. of 
hydrogen, giving a lift of 600 gm. The rate of ascent is 3-4 m./sec. 
The rate of descent, with a parachute 6 ft. square, is 2»6-6 m./sec. 
The average duration of ascent is between 60 and 100 minutes, 
and the height normally achieved is about 10 km. 

The radio transmitter contains four valves, supplied from small 
dry batteries capable of operating the set at constant output for 
about 120 minutes. A wavelength of 8-6 metres has been found 
best suited to this purpose. The carrier is modulated continuously 
with two audio tones, associated with the barometer and thermo¬ 
meter respectively. The barometer is arranged to give a modulation 
frequency varying between 700 and 1000 c.p.s. according to the 
pressure, while the range covered by the thermometer is 1400- 
1700 c.p.s. The barometer is an evacuated aneroid box so arranged 
that contraction of the box closes a gap in an iron-core inductance 
determining the frequency of one of the audio modulators. A 
change of pressure of 1000 mb. corresponds to a change of 260 c.p.s. 
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in modulation frequency. The thermometer, which utilises the 
expansion of a very fine wire, controls the gap in the iron-oore 
inductance of the other modulator. A temperature change from 
-f 20° to —80° 0. corresponds to a change of 200 c.p.s. in modulation 
frequency. 

At the ground station, any sensitive short-wave receiver can be 
used, and the frequencies of the two audio modulation tones are 
measured in the normal way. Readings can be taken every half¬ 
minute with no difficulty, and automatic recording is under develop¬ 
ment. Wind direction and velocity are observed from the flight 
of the balloon, which is followed by means of direction-finding 
receivers on the ground. Signals from the balloon are still audible 
at a distance of 100 miles. 

Consistency of operation is extremely satisfactory, and com¬ 
parison tests with a Dines recording meteorograph attached below 
the transmitter showed good agreement up to 10 km. 

Miscellanea. 

H.M. the King has approved the recommendations made by the 
President and Council of the Royal Society that Royal medals be 
awarded to Dr. F. W. Aston, F.R.S., for his work on isotopes and to 
Prof. R. A. Fisher, F.R.S., for his contributions to statistics. The 
President and Council have made the following awards: Copley 
medal to Prof. Niels Bohr, For. Mem. R.S. ; Rumford medal to Prof. 
R. W. Wood, For. Mem. R.S., for his work in physical optics; Davy 
medal to Prof. G. Barger, F.R.S., for his work on alkaloids and other 
natural products ; Darwin medal to Prof. F. O. Bower, F.R.S., for 
his work in Darwin’s own field; Hughes medal jointly to Dr. 
J. D. Cockcroft, F.R.S., and Dr. E. T. S. Walton, for their work on 
the disintegration of atoms. 

Sir William Bragg has been re-elected President of the Society 
and Sir Henry Lyons, Treasurer. Prof. A. V. Hill and Prof. A. C. O. 
Egerton have been appointed Secretaries of the Society, and Sir 
Albert Seward, Foreign Secretary. 

The Nobel prize for Physics for 1938 has been awarded to Prof. 
E. Fermi of the University of Rome in recognition of his work on 
atomic physics and more especially for his researches on artificial 
radioactivity produced by neutron bombardment. 

Sir Albert Seward has been elected president of the British 
Association for the year 1939 when the association will meOt in 
Dundee. 
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Dr. C. G. Darwin, M.C., Sc.D., P.R.S., Master of Christ’s College, 
Cambridge, has been appointed to be director of the National Physical 
Laboratory. Sir Frank Smith is holding office until Dr. Darwin 
can take up his appointment. 

Dr. G. Stafford Whitby, director of the Division of Chemistry, 
National Research Council, Canada, has been appointed to succeed 
Sir Gilbert Morgan as director of the Chemical Research Laboratory, 
Teddington. 

Mr. 0. T. Faulkner, C.M.G., has been appointed principal of 
the Imperial College of Tropical Agriculture, Trinidad. 

We have noted with great regret the announcements of the 
death of the following well-known scientific workers during the past 
quarter : Mr. W. R. Barclay, metallurgist; Dr. Charles Carpenter, 
gas engineer ; Prof. L. S. Dudgeon, St. Thomas’s Hospital Medical 
School, i)athologist; Dr. L. Frobenius, anthropologist; Mr. A. J. 
Greenaway, chemist; Dr. W. R. Gregg, chief of the U.S. Weather 
Bureau ; Dr. T. C. Hebb, University of British Columbia, physicist; 
Prof. J. Kunz, University of IHinois, astrophysicist; Sir Robert 
Mond, F.R.S. ; Sir Basil Mott, F.R.S., civil engineer ; Miss Agnes T. 
Neilson, University of Glasgow, geologist; Prof. M. d’Ocagne, 
mathematician ; Sir John Snell, electrical engineer. 

Prof. E. O. LaAvrence has lent the cyclotron designed by himself 
and Livingston in 1931 for exhibition at the Science Museum, South 
Kensington. This instrument is able to accelerate protons to a 
speed equal to that produced by a fall of potential through 1-2 x 10® 
volts. Prof. Lawrence’s latest model is illustrated by photographs. 
It delivers deuteron currents of the order of 10”‘® amp. at speeds 
due to a potential of 8 x 10® volts or alpha-particle currents of 
10“^ amp. at 1*6 X 10’ volts. 

In an address to Section A of the British Association last August, 
Prof. Blackett gave some account of the properties of the “ heavy ” 
electron. Experimental evidence shows that the penetrating com¬ 
ponent of the cosmic rays consists of these particles, their mass 
being between one hundred and two hundred times that of an 
electron and their mean life period 10“^ sec. Since this period is 
BO short the particles cannot be present in the cosmic stream when 
it first enters the earth’s atmosphere, and they must be produced 
in some manner as yet unknown by the action of the incident 
electrons. The behaviour of the particles provides an explanation 
for the fact that the intensity of the penetrating rays after they have 
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passed through a large thickness of air is less than that under the 
same mass of water or clay. 

The existence of heavy electrons*' mis first suggested by 
Yukawa in 1935 (Proc. Phya. Math. Soc. Japan) to explain short- 
range nuclear forces. He concluded that they must disintegrate 
into electrons and neutrinos. 

The Bulletin of the Imperial Inatituic for Jiily-Septeraber 1938 con¬ 
tains a reprint of an address given by the direc^tor, Sir Harry Lindsay, 
descriptive of the work of the Institute. The foundation-stone of 
the building was laid in 1887 by Queen Victoria, it was opened 
in 1893 and became bankrupt in 1899, because of the £400,000 
available for its foundation no less than £250,000 was expended 
on the building. The Government came to the rescue, gave half 
the building to the University of London and supplied funds for 
continuance of the work. In 1933-34 the financial position was 
again precarious, but there was now a better appreciation of the 
services of the Institute ; the Colonial Governments doubled their 
grants, the Dominions resumed part at least of the contributions 
which ceased during the slump, and the United Kingdom Govern¬ 
ment helped so that the position seems once more to be secure. 

Among the recent achievements of the Institute is the discovery 
in South Africa and Tanganyika of supplies of the mineral vermicu- 
lite used in the manufacture of certain heat- and sound-insulating 
plaster boards. It is hoped also that a plant recently reported from 
the Sudan may be valuable as a source of supply of camphor. 

The notes in the Bulletin include a brief account of “ the deepest 
oil well yet drilled,’* namely a well 15,004 ft. deep near Wasco in 
California. It yields 3600 barrels daily, and the temperature at 
the greatest depth is 268^ F. There is also a description of the 
extraction and possible uses of indium. This metal has not yet 
been employed on a commercial scale. It increases the corrosion 
resistance of metal alloys used in jewellery and dentistry ; silver- 
indium alloys have been developed for plating silverware to diminish 
tarnishing ; it lowers the melting-point of Wood’s and Lipowitz’ 
alloys, and indium oxide imports a yellow colour to gloss. 

The Report of the Committee appointed by the Minister of Agricul¬ 
ture and the Secretary of State for Scotland, to review the facilities 
for veterinary education in Great Britain (H.M. Stationery Office, 
2a. net) indicates that the existing conditions are very unsatisfactory. 
It states, in particular, that the veterinary schools are overcrowded, 
that the teaching staffs are inadequate and that facilities for clinical 
and practical training are insufficient. 
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It is recommended that the five-year course for the M.R.C.V.8. 
diploma should be reorganised so that the first three years may he 
devoted to a combination of scientific studies in which Universities 
award degrees ; the last two years being sj^ent on clinical work 
and practical training. It is suggested that there should be six 
months' pupilage on a farm so as to provide a foundation for more 
practical training in animal husbandry and that, in addition, each 
veterinary school should possess a 100-acre field station for further 
instruction in this subject. The throe schools at present aided by 
Government grants, i.c. those in Camden Town, Liverjjool and 
Edinburgh, are considered insufficient to maintain the required 
output of qualified persons and it is recommended that Government 
aid should be given to the existing school at Glasgow—which should 
be rebuilt and reorganised—and also to a small school to be estab¬ 
lished at Cambridge, 

Circular C. 421, issued by the National Bureau of Standards, 
Washington, D.C. (price 10 cents), contains a detailed account of the 
“ spectral-transmissive properties and use of coloured eye-protective 
glasses ” preceded by a discussion of such incidental questions as the 
elimination of glare, distortion of colours, confusion of traffic signals 
and the danger of wearing coloured glasses when driving at night. 
There is no difficulty in selecting glasses which will eliminate glare 
from extensive areas of snow, water, sand and city streets in bright 
sunlight, but the advantage of reducing glare resulting from 
motor-car headlights by wearing dark glasses is more than counter¬ 
balanced by the danger arising from the decrease in general visibility. 
There are several glasses on the market which give satisfactory 
protection from both infra-red and ultra-violet radiation. They 
transmit a greenish light but the maximum transmission in the 
visible spectrum is under 60 per cent. Incidentally it is stated that 
the eye is able to change its sensitivity by a factor of about 1,000,000, 
variation the area of the pupil providing a factor 60, and variation 
in the response of the retina the remaining factor 20,000. 

The Bell System Technical Journal for July 1938 contains an 
interesting paper by W. G. Gusta&on on the magnetic shielding of 
transformers at audio-frequencies. It shows in particular the 
advantages of a shield composed of a copper cylinder interposed 
between two permalloy cylinders. The same number of the Journal 
contains an account of H. R. Hertz by Julian Blanchard and a 
reprint of C. J. Davisson’s Nobel lecture describing the discovery 
of electron waves. 
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A Text-book of Convergence. By W. L. Fkrrar. M.A„ F.R.8.E. 
[Pp. viii 4- ] 92.] (Oxford: at the Clarendon Prose; London t 
Humphrey Milford, 1938. 6f7. net.) 

This is a delightful book. Teachers and students who have the chance to 
examine it will want to possess it. 

The book is intended for the use of undergraduat.oa. It is divided into 
two sections ; the first gives an intro<Juctory course which would bo suitable 
for candidates for higher school certificates and scholarships ; the second 
part covers the usual course for honours students. 

Tlio development of the theory has boon planned with a view to the 
student’s probable state of knowledge about other branches of mathematics. 
For example, some proofs appeal to diagrams. It is right that the diagrams 
should be given for they put the gist of the matter clearly to the reader. But 
the method hides difiiculties and the author sometimos gives alternative 
analytical proofs for the benefit of those who possess a sufficient knowledge 
of the calculus. Again, at an early stage the theory rt^quires two properties 
of real numbers wliich seem reasonable enough yet which rcH|uire careful 
proofs. The author has chosen to assume (explicitly) these properties sund 
then to prove them in an appendix which givers an accoimt of the theory of 
real numbers. This allows an imintcrmpted treatment of the convergence 
theory. In general, the main principle has boon to give a clear and elementary 
fWioount of the fundamental ideas involved. 

There ore plenty of well-choscsn examples, many from university examina¬ 
tions. The harder are indicated and some others are worked or have hints 
given. Tlie use of the notation, of which on example is 

“ an 0 if 

c > 0 ; 3N.| otn 1 < « when n > N,” 

is encouraged. And it is refreshing to find tliat e is no longer “ however 
small ” but “ any (prescribed) positive number.” 

Mr. Ferrar remarks that the book is based on lectures ho has given at 
various times. This is very evident from the way in which the theoiy is 
presented and in which difficulties, logical and practical, are explained. The 
book is, in fact, not a cold recital of facts, one after another ; on the contrary, 
the teacher is there all the time ready for the queries which experience has 
shown must often occur in the student’s mind. 

Finally, the publishers have made a clear, readable book ; and the price 
is reasonable. 


674 


J. W. A. 



EBVIBW8 


676 


Fr#<|a«ncy Curves and Correlation. By Sir W. Paxjn £ij>ebton, 
aB.E., FJ.A., F.FJI. Third edition. [Pp. adi + 271.] (Cam- 
bridge : at the Univeriit> Press. 1938. 12s. 6d, not.) 

This is the third edition of what is now the classic text-book on the practical 
problem of Curve Fitting. The general character is unaltered. Essentially 
as each problem is considered* an example illustrates the method of applying 
certain principles. The first part of the book is devoted to a description of 
tlio methods of graduating data culled from actuarial experience by means 
of the various types of Pearson Curves which arise as particular cases of the 
integration of the differential equation* 

__ 

dx 60 + + bfX*' 

The fitting of these curves by the method of moments to data is simply a 
question of skilled computation. Tlie author gives practical cases in 
order to show tlio variations due to the different typos of curve* and, whore 
necessary, nott^s on the various types. 

Then follows a chapter on other systems of curves, particularly the 
Gram-Charlior and the Edgeworth Curves. He illustrates with examples 
giving the results of fitting by these and the appropriate Pearson Curve. 
Perhaps in his next edition ho will include some comparable illustrations 
using Gibrat’s modification of the Normal Curve. 

Tho second part of the book is devoted to Correlation* again witli examples 
showing the methods of computation, and to problems of sampling. The 
practical problem of testing tho Goodness of Fit is dealt with. On this subject 
Sir William has some sapient remarks. In particular, 1 would like to quote 
from page 204, “ the statistics with which we deal in practice nearly always 
contain a certain amount of extraneous matter* and the heterogeneity is 
concealed in a small expc^rienco by tho roughness of tho data. The increase 
in the number of easels observed removes tho roughness* but the heterogeneity 
remains. The meaning* from tho ciupvo-fitting poixit of view, is that the 
experience is roally made up of more than one frequency curve ; but a certain 
curve* approximating to tho one calculated, predominates.*' 

The author refers in the Appendix to Prof. Fisher’s Method of Maximum 
Likelihood and to the practical difficulties involved in its use. Ho considers 
that one justification for the use of tho Method of Moments in curve fitting is 
that, in practice, it giv<aa curves which satisfactorily fit tho data. This is 
a reasonable practical rule which serves in other walks of life. It is remark¬ 
able how well certain crude methods wliich have little theoretical justification 
give satisfactory practical results. One can instance various methods of 
smoothing irregularities in time series. 

Although the illustrations throughout the book are mainly from actuarial 
experience, the book serves all those who want a knowledge of Curve-Fitting* 
Correlation and Sampling. It is easy to read and the examples are worked 
out in detail. One must have a fair command of mathematics to follow 
closely the developments of the methods, but certain of the more complex 
mathematical problems are relegated to the Appendix, and there is a sug¬ 
gestion for Abridged Reading in Appendix VII. 

The book was bom in 1906, and it shows no sign of mortality—in which 
the author takes such a lively interest. 


£. C. Ehodbs. 
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Modem Higher Algebra. By A. Adrian Albert. First impression^ 
December 1937 ; Second impression, August 1938. [Pp. xiv -f 319.] 
(U.S.A. : University of Chicago Press: Great Britain and Ireland : 
Cambridge University Press, 1937. 18s. net.) 

Research in algebra has progressed rapidly on the abstract side in recent 
years and this book gives an accoimt of the present state of the subject. 
Prof. Albert has himself contributed largely to the theH>ry, especially on the 
subject of Riemann matrices. 

The first two chapters deal with the basic concepts : group, ring, integral 
domain and field. Tlion come three chapters on the theory of matrices whose 
elements belong to a general field. 

The Galois theory is taken next. The author dev’olops this from the point 
of view of the group of all automorphisms of a normal field. This is con¬ 
sidered an improvement on the older treatment in which the Galois group 
arises as only a sub-group of a group instead of as a whole group. 

There follows an introduction to the theory of linear associative algebras, 
an important branch of modern algebra. This is the theory of linear sets 
U 5:^ (?/,, w-2, . . ., of order n, defined over a field F, which have been 
made into associative rings over F by defining multiplication in U suitably. 
The treatment is from the matrix point of view and this justifkxl by a theorem 
that every algebra U over F is equivalent to an algebra of square matrices 
with elements in F. 

The last two ohapt6i*s deal with a subject new to text-books in English, 
namely the valuation theory of fields and the theory of p-adic numbers. 
This theory involves infinite sequences and what amounts to the notion of a 
limit; thus it is sometimes called a transcendental theory of fields. The 
idea of a valuation comes to this : a field F is said to have a valuation yp if 
there exists a real function tp(x)y defined over F, in the real number field, such 
that v(0) ^ 0, xp(x) > 0 if 0 ? 0 inF, y)(xy) ^ yp{x)\p(y), y>(x -f y) < yp(x) + yp{y). 

The derived field F^ of a field F is the least extension of F such that every 
sequence of elements in the extension, whose values converge in the Cauchy 
manner, converges to an element of the extension. The valuation \p is non- 
Archimedean if and only if xp(x 4- y) is at most the maximum of xp(x) and 
\p(y) for every x and y of F. The p-adic numbers arc the olomonts of the 
derived fields of algebraic number fields with respect to their non-Archi¬ 
medean valuations. 

The author has a concise style and helps the reader by explaining at 
suitable stages what is to be done and how much has been done. There 
are many exercises, designed to illustrate the general concepts in tho theory; 
and at the end is a glossary of the main definitions. The book will be a 
standard work for those interested in advanced algebra. 

J. W. A. 

Britisli Association Mathematical Tables. Vol. VI: Bessel 
Fimctions. Part I: Functions of Orders Zero and Unity. 

[Pp. XX -f 288.] (Published for the British Association at the Cam¬ 
bridge University Press, 1937. 40#. net.) 

Although the British Association Committee for the calculation of mathe¬ 
matical tables decided fifty years ago that the tabulation of Bessel functions 
was the most useful undertaking they could promote, many smaller but 
more urgent tasks have been undertaken, and it was not imtil the end of last 
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year that the Srst volume of tables was aotually published. The present 
volume is concerned with Bessel functions of orders zero and unity, and two 
further volumes are now promised< The first of these will deal with functions 
with other integral orders, and the third volume will deal with Bessel functions 
of various fractional orders, and a miscellaneous group of associated functions. 
The present volume, edited by Dr. Hendersson of King’s College, London, 
is a magnificent tribute to the enthusiasm and accuracy of the members 
of the Committee. It is beautifully printed by the Cambridge Press and 
should be of the greatest assistance in many branches of mathematical physics. 

The tables in this volume contain the values of the functions J o and J | 
to 10 figures for values of the argument from 0 to 26. The values are given 
at intervals of *001 up to a: — 15*6, and at intervals of *01 from x =» 15*6 
to a? 26. The next table contains the fiirst 160 zeros of and given to 
10 places of decimals, together with the value of each function at the roots 
of the other. The functions Yq and ore tabulated to 8 decimal places at 
intervals of *01 up to x ^ 26 ; and a further table gives the first 60 zeros of 
these functions, and the values of each function at the roots of the other. 
Subsequent tables deal in a similar manner with the functions 1 q and 1^, 
Kq and Ki, the interval of the range covered being from a: = 0 to x 6. 
The intervals for the first two functions is ‘001 and for the second two functions 
is *01. In each case the vahuw are given to 8 significant figures. Other 
tables give the auxiliary functions required in the use of the asymptotic 
series for all these functions, and a concluding group of three tables provides 
all the coefficients necessary for interpolating in tables in this volume. 

The volume is dedicated to Professor Alfred Lodge, who has been a member 
of the B.A. Committex) from the day on which Bessel functions wore first 
discussed until his death lost year. It is a wonderful tribute to the admiration, 
respect and affection which ho has won from his colleagues. 

G. T. 

Lectures and Conferences on Mathematical Statistics. By J. 

Nsymak. [Pp. viii 163.] (Washington; The Graduate School 
of the U.S. Department of Agriculture, 1938. $1.26.) 

This is a mimeographed transcript of lectures delivered at the Graduate School 
of the United States Department of Agriculture, and is doubtless produced 
to supply those who attended them with a record of what was said. There 
is not enough original matter to justify publication as a book, and too much 
that is really trivial. 

R. A. F. 


ASTRONOMY AND METEOROLOGY 

Ths Pageant of the Heavens. By FaaDBBioE; Wabhen Gbover, Ph.D. 
[Pp, xix 4- 167, with 8 maps and 6 figures.] (London, New York, 
Toronto : Longmans, Green A Ck>., 1937. 12^. 6d. net.) 

This book is written in a scholarly fashion for those who wish to make a 
first-hand knowledge of the constellations the starting-point of a rather more 
detailed aoquaintanoe with the universe. Its study will repay both the 
interested layman with no optical aid and the beginner with a small telescope. 
The treatment is non-mathematioed throughout, and generous quotations 
from the poets (the older poets—^how much less astronomically-minded are 

FP 
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our modem bards t) enliven the pages without detracting from the author’s 
instruotional purpoee. 

Part I describes the constellations and the seasonal changes of the sky. 
For this purpose eight loose star maps are provided for direct comparison 
with the sky. Each map is so printed that the stars appear bright on an 
opaque background when the sheet is illuminated from behind with an electric 
torch. This arrangement, though not new, is an admirable way of getting 
over the difficulty of dark-adapting the eye afresh after e«M3h consultation 
of an ordinary map. The maps are drawn for use in the U.S.A. and refer to 
latitude 40° N. Tlio adjustment needed to relate them to English skies, 
however, will not be beyond even the beginner. 

In Part II the knowledge of the constellations thus gained is used to 
follow the apparent movements of the sun, the moon, the planets, comets, 
and meteorK. This section is treated thoroughly and forms the greater part 
of the book. 

The 16 pages of Part III servo to introduce the reader to the rest of the 
universe; giant and dwarf stars, clusters, nebulae, binaries, variables, and 
novas all finding mention. Cosmological speculations are left severely alone. 
The treatment hero, thougli brief, should tempt many to enquire further 
among the more advanced works recommended in an admirably full appendix. 

The book as a whole is well produced. Its beautiful text is however 
disfigured by crude line diagrams, and there are no photographs. A very 
full table of contents forms no adequate substitute for an alphabetical index. 
In view of the author’s interesting and authoritative treatment of his subject, 
it will be a pity if the price of the book should deter the enthusiastic amateur 
from making its acquaintance. 

A. H. 


The Climate of the British Isles. By E. Q. Bilham, A.R.C.Sc., D.I.C.» 

B.Sc., F.R.Met.Soc. [Pp. xx -f 347, with 101 figures.] (London: 

Macmillan & Co., Ltd., 1938. 21s. net.) 

This work attempts to summarise the knowledge of various components of 
our climate which lias been accumulated by precise recorded observations 
during the lost hundred years, mostly of course during the last few decades. 
After brief introductory chapters on the data and the methods by wliich it 
has been obtained, the book consists of descriptions of Characteristic Typm 
of Weather, and of climatic components, viz. Wind, Rainfall, Evaporation 
and Percolation, Temperature of the Air, Sunshine and Cloud, Humidity, 
Frost and Hail, Atmospheric Obscurity, and Special (local) types of dimaie. 
There is no general summary and no attempt to “ place our climate in the 
world. It is treated as a matter peculiar to these islands, on the basis of 
information collected in and near to them. 

Every part of the work is soundly based on carefully analysed records; 
and the author does not go beyond what these records justify. Henoe there 
is none of the broad and picturesque, but unreliable, generalisations which 
are often made concerning climate. Yet there are many sections likely to 
be of general interest ; such ore those on Dew Ponds, bas^ on measurements 
of dew, of rain, and of evaporation ; on London’s fogs ; and on Buchan's 
Periods,” which concludes that there is here a case for investigation. The 
development of air navigation in recent decades has given the facts of atmo* 
spheric obscurity, and its complement visibility, great importance; and the 
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chapter devoted to this will be welcome to all who value a sound summary 
of what has been done on it. Tlie cartogram (Fig. 92, p. 276) showing the 
distribution of days with fog at low altitudes bears a very close resemblance 
to those showing the distribution of our urban population. Except for South 
Wales the areas of maximum fog are the areas of dense iu*ban population plus 
a strip to leeward of them, a coincidence which gives evidence in support 
of the view that wo produce a substantial part of our fogs from our chimne3n3. 

Errors and misprints cure extremely rare. On Fig. 67, p. 179, it seems 
that the figures 60° and 60° should be interchanged. In the summary of 
factors influencing the variations of temperature (p. 169) it is curious tliat there 
is no mention of differences of latitude, and/or the resulting differences of 
insolation, among the reasons why in summer the south of Great Britain is 
warmer than the north. The author appears to ascribe the whole of this 
difference to continentality,** a term which he does not use elsewhere 
but which is widely used as one of those words “ of learned length and thunder¬ 
ing sound ’* which can conceal lock of exact knowledge. 

In the preface the author states his aim as “ to survey the facts . . . and 
to compile a reasonably complete summary of the main climatic factors of 
our area, within the compass of a volume of moderate size.*' This aim ho 
has achieved ; and his book is likely to bo for some years to come the standard 
one-volume work on British Climate. 

C. B. Fawcett. 


PHYSICS 

Tha Flow of Homoganeous Flxiids through Porous Media. By 

M. Muskat, Ph.D. With an Introductory Cliapter by R. D. Wyckoff, 
B.S. in E.E. [Pp. xx -f- 763, with 279 figures.] (Now York and 
London : MoQraw-Hill Publishing Co., Ltd., 1937. 45s. not.) 

The volume under review deals with the difficult problem of the flow of homo¬ 
geneous fluids in a porous medium. As pointed out in the introduction, 
there are many branches of applied science in which such a study has con¬ 
siderable signifioance. The flow of underground gases, oils and water to 
wells and bore-holes, seepage of water under foundations, through filter-beds 
and the draining of land and soil are of interest to the engineer. 

In certain cases met with in practice, as, for instance, the flow of mixtures 
of oil and gases in underground reservoirs, the assumption of homogeneity 
is not justified, but it is suggested that certain results obtained from the 
study of homogeneous fluids can with discrimination be applied to the more 
difficult problem of the flow of heterogeneous fluids. A superficial approach 
to the subject of the book reveals at once the necessity of a definition of a 
porous medium and raises doubt as to how far the porous materials met with 
in connection with practical problems can comply with the ideal porous 
medium assumed in the theoretical and experimental investigations dealt 
with in the text. The ideal porous material, it is suggested, is a body of 
ordinary unconsolidated sand, in which there are voids of varying sizes and 
shapes comprising pore spaces connected to each other by constricted chan¬ 
nels, the whole forming a network of openings through which the fluid may 
flow. The conditions of flow in such a medium are, therefore, quite different 
flxim that in pipes or capillary tubes. 

Ckmimencing with a systematic packing of spheres it is shown that the 
ratio of the permeability to the porosity depends upon the method of packing, 
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and this ideal case indicates the impossibility of deriving permeability esti¬ 
mates from porosity measurements. Sands, clays and natural rooks are 
discussed and tables showing grain size and distribution, porosity and 
permeability of some typical sandstones are given. The assumption of 
Darcy’s Law makes it possible to develop equations of flow for many oases, 
while even simple modifications lead to intractable diJRferontial equations. 

The second part of the book deals with the steady state flow of liquids* 
Two-dimensional flow problems are fu^t discussed in detail, a solution is 
obtained for the radial flow into a well, and more general problems are con¬ 
sidered. Models and apparatus are described. Three-dimensional problems, 
taking the well-known Laplace equation as the basic differential equation, are 
next considered, and the equation is solved for several special coses. 

The third part of the book deals with the flow of compressible liquids and 
gases through porous media. The possibility of obtaining solutions of the 
equations in a number of special cases is discussfKl, and referenoo is made to 
the particular case of the East Texas oilfields, the production from which is 
affected by water in the adjacent sands. 

There are appendices dealing with “ Laplace’s equation in curvilinear co¬ 
ordinates,” “ Some two-dimensional Green’s Functions,” ” The transforma¬ 
tion properties of the Modulon Elliptic Function.” ” Proof of the generahsfMi 
Poisson Formula,” ” Tabulation of the specific quantitative results developed 
in the work, in formula or graphical form.” The mention of those appendices 
indicaters that the solution of the problems discussed in the work requires the 
aid of advanced mathematics, but what is of greater importance is that the 
fundamental conceptions and assumptions, upon which the solutions are 
based, are candidly and clearly discussed throughout a book which makes a 
real contribution to subjects of groat practical and scientific interest. 

F. C. L. 


Materials and Structures. Vol. 11: The Theory and Design of 
Structures. By E. H. Salmon, D.Sc.(Eng.), M.Inst.C.E. [Pp. 
viii -f 796, with 616 figures.] (London, New York, Toronto : Long¬ 
mans, Green & Co., 1938. 32s. not.) 

This is the second volume of a treatise on materials and structures, the first 
one, dealing with materials, having made its appearance in 1931. 

It has been prepared with that care and attention to detail which readers 
of Dr. Salmon’s other works have learned to expect from him, and the first 
claim made for it is that it is a comprehensive book intended for students 
preparing for degrees or for the Associate Membership of the Institution of 
Civil Engineers. The claim to comprehensiveness will not be disputed : 
indeed, its quality in this respect may perhaps prove somewhat of a draw¬ 
back to its use as a text-book unless it is read imder expert guidance. There 
is so much first-class matter included in it that the selection necessary when 
preparing for an examination may be somewhat embarrassing to the average 
student. 

It is not uncommon to find in one book chapters on the design of roofs, 
girder bridges, etc., in addition to the general theory of stress distribution in 
simply-stiff and redundant structures, but Dr. Salmon is not content even 
with this. He extends his field to the manufacture of structural steelwork, 
electric aro-welding and the properties of building materials, and treats these 
subjects clearly and well within the limits of space available. 
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The book is thoroughly up-to-dato, as shown by the inclusion of moment' 
distribution analysis and references to the work carried out for the Steel 
Structures Besearoh Committee. 

The second claim, that it is a work of reference for engineers, is fully justi¬ 
fied and it should find a place in the library of all structural designers. 

A feature of the book, as in others from the same author, are the ad¬ 
mirable bibliographies at the end of each chapter. These will enable readers 
interested in particular branches of the subject to pursue their studies further 
with the minimum difficulty. 

The diagrams are plentiful and well drawn and the printing and binding 
ore (excellent. 

The book is one which con bo thoroughly recommended to all interested 
in the theory and design of structures and teachers of eng^eering particularly 
should find it of groat value. 

A. J. S. P. 

The Principles and Practice of Surveying. ByOHABLEsB. Breed 
and Okorge L. Hosmkr. Vol. I, seventh edition. [Pp. xxii 4- 717, 
with 217 figures.] Vol. II, fifth edition, [Pp. xxii + 675, with 247 
figures.] (New York : John Wiley A Sons, Inc.; London: Chapman A 
Hall, Ltd., 1938. 20«. net and 17s. 6d. net.) 

This excellent American work on Surveying is published in two volumes— 
Elementary Surveying and Higher Surveying, Each is printed in clear type 
on thin paper, has a flexible cover, and can be carried in the pocket. The 
line diagrams are quite clear and distinct, but the details tend to be rather 
blurred in many of the half-tones. 

Though some parts of the first volume might appropriately be termed 
“ higher ” surveying, and portions of the second volume are relatively simple, 
the division of the subject matter is perhaps as satisfactory as could be 
arranged. Obviously, it has been necessary to compromise in various ways, 
so that each volume may be more or less self-contained ; the same considera¬ 
tions lead to a certain amount of duplication, though this is not serious. 

The general impression one receives is that the authors have taken meti¬ 
culous care in preparing the text. They have endeavoured to include all 
possible hints and warnings that might assist the young and inexperienced 
surveyor: they discuss the relative advantages and disadvantages of the 
different surveying instruments and methods, and give data as to the 
accuracy obtainable with them. 

Certain sections have particular reference to United States practice, and 
are not directly applicable to surveys in this ooimtry, but the bulk of the text 
is of universal application. The instruments, which are described most fblly, 
are, as one would expect, of American design, and this differs considerably 
in some cases from European design. Short descriptions are, however, 
given of a few Etxropean models. 

The familiar forms of field book used in this country, and the common 
“ rise and fall ’* pattern of level book, seem to be omitted : possibly they 
liave been discarded in the United States. 

The methods adopted for the setting-out of railway ciirves do not receive 
much attention, and transition curves are apparently considered as beyond 
the scope of the books. This omission is somewhat surprising, since such 
curves are very frequently used nowadays, both on railways and on roads. 
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Throughout the two volumes, numerous problems are given to be solved 
by the student, but unfortunately, and rather surprisingly, answers are not 
provided. 

Astronomioal observations are treated mainly in the second volume, 
though Chapter VIII in the first volume is also devoted to the determination 
of azimuth and latitude. It may be mentioned that the calculations are 
baaed on data taken from the “ American Ephemeris and Nautical Almanac,** 
but as the standard meridian is that of Greenwich, astronomical quantities 
are referred to O.h. Greenwich Civil Time. It follows, therefore, that the 
treatment of the subject is very much the same in this book as in British works. 
The abbreviations used differ from those in common use here, but no confusion 
should arise on that account. 

In the fifth edition of the volume on “ Higher Surveying,” the chapters 
on Terrestrial and Aerial Photographic Surveying have been rewritten and 
extondoil. The descriptions are very lucid, and sufficiently detailed for the 
student to understand the principles involved, and to appreciate the purpose 
and benefit of the expensive and complicated instruments which are used in 
preparing the maps. A bibliography is added, as, obviously, a full treatment 
of the subject is impracticable in a general work on surveying. 

The books form an authoritative and standard work on surveying, and are 
well worthy of a place on the shelves—or in the pockets—of all surveyoTB. 

W. N. T. 


Automatic Protoction of A.C. Circuita. By. G. W.STiTBBiNa8,B.Sc., 
F.Inst.P., A.M.I.E.E. Second edition. [Pp. viii 4-311, with 210 figures.] 
(London: Chapman & Hall, Ltd., 1938. 15s. not.) 

The first edition of this book was reviewed in Boienoe Pboobbss, Vol. XXX, 
p. 358. The second edition is very similar to the first, but now and useful 
subject matter is introduced dealing with standardisation of instrument 
transformers, bxisbar protection, and negative phase sequence relays. 

The book deals with three main divisions of the subject, namely, the 
principles underlying automatic protective apparatus, the application of 
these principles to practical protective systems, and the testing and main* 
tenanoe of protective apparatus. 

It was pointed out m the first review that the book falls into three main 
divisions, the first dealing with the theory of protective apparatus, the second 
with its practical application, and the third with methods of testing and 
maintaining it. 

The first division gives an excellent accoimt of the theory of protective 
apparatus which should be invaluable to a student of the subject. The second 
division deals with the more controversial subject matter of practical appU* 
cation, and the third division is a useful compilation of maintenance methods* 

It is to be regretted that the errors in the figures and titles mentioned in 
the review of the first edition have not been corrected in the second e<Rt^ 
and that the lack of consistency in nomenclature and in the mention of 
manufacturers of the apparatus d^ribed still exists. The value of the book 
would have been enhweed if these points had received attention. 

Like the first edition, the second option will be a useful text*boc^ to tho 
student who wishes to make himself familw with the theory of automatlo 
protective apparatus. 


B. H. L. 
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CHEMISTRY 

Outlinas of Theoretical Chemietry. By F. H. Gbtman, Ph.D. Sixth 
edition by F. DAJOXta. [Pp. x 602, with 170 figures.] (New 
York ; John Wiley & Sons, Inc.; London ; Chapman & Hall, Ltd., 
1937. 18^. 6d. net.) 

This, the sixth edition of Prof. Getman*s well-known text-book, has been 
extensively revised and whole chapters have been rewritten or deleted to 
make way for new material. The difficult task of deciding to what extent 
new developments in theory, and current or controversial topics are to be 
incorporated remains a perennial problem in revising a text-book, but Dr. 
Daniels has been most happy in his selection, and where new ideas are intro¬ 
duced they create an enquiring but never a bewildered mood as so often 
proves the case. 

Whilst the first half of the book dealing with some properties of matter, 
solutions, electrolytes, colloids, chemical kinetics and kindred topics, is treated 
in a more elementary fashion than is perhaps customary in a volume of this 
size, the later chapters on electrochemistry and thermodynamics reveal the 
infiuonce of the author^s compatriots Lewis and Randall, and are presented in 
much greater detail. 

An engaging feature of the book is the idea of relegating to the appendix 
all detailed mathematical proofs and derivations which so often contrive to 
destroy the continuity of the text. The many problems have been arranged 
in two sets which segregate the more ** substitution-into-formula ** type from 
those which presuppose more extensive reading and a measure of ingenuity 
for their solution. 

An occasional cross-reference is incorrect (pp. 41, 613) and there are some 
lapses in proof-reading (notably p. 613, par. 4, and p. 412, problem 30), whilst 
from p. 624 might be gained the impression that hydrogen and helium atoms 
each contain but one electron. 

The layout, type and binding are excellent, and this is the only book 
known to the Reviewer whore trouble has boon taken to explain the reason 
for the appearance of subsidiary maxima in the X-ray spoctromotric analysis 
of rock-salt—a minor point which has puzzled innumerable students. 

H, laviNO. 


Modam-Lifa Chamiatry, By F. O, Kbuh, R. H. Caelkton and F. F, 
Cabpkktbb. Edited by W. R. Tbbtebs. [Pp. xxvi -f 734, with 
frontispiece, 1 plate and 359 figures.] (New York, Chicago and 
Philadelphia i J. B. Lippinoott Company, 1937. 8s. 6d. net.) 

Trx authors of Modem-Life Chemietry postulate that an up-to-date course 
in (American) high-sohool chemistry should function so as to modify human 
nature in a desirable way—^both in its individual and social aspects—and 
assert that it should be taught not only for the sake of the chemistry involved, 
but rather for the education of the learner. The result of their collaboration 
is quite un li k e the average English text-book, which is so commonly preoccu¬ 
pied with the syllabus requirements of one or other of the public examining 
bodies, and therefore restricted as to subject matter and seldom conspicuously 
original in outlook or treatoient. 

To start with, the whole subject is here approached from an unconven* 
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tional angle. The conception of atoms as electrical structures is introduced 
at the outset and this, and a survey of solutions and “ near-solutions (i.e. 
colloids—a felicitous vulgarisation), logically precedes on account of disso¬ 
ciation in solution and electrolysis. Other excellent portions are devoted 
to sulphur and its compoimds, the halogens and the periodic classification, 
mineralogy and simple organic chemistry. 

There is a wealth of illustrations with both line drawings and photographs. 
The latter are with few exceptions well-chosen, and illustrate almost every¬ 
thing from smoke-prevention by the Lodge-Cottrell method (before and 
after treatment !) to soil erosion in Nebraska and an armoured-car firing 
tear-gas shells to disperse a mob. The statement that “ calcium chloride is 
used to lay the dust on the roads ** has always seemed to the Beviewer a 
case of the wish being father to the thought: that it is so used (at least in 
the U.S.A.) is put beyond question by the photograph on page 476. 

One more aspect of this book demands comment. The authors have 
striven to make it provide “ a complete programme for the teaching of chem¬ 
istry ” and have adapted the Morrison imit-problem plan to this end. This 
scheme is insufficiently well-known in this country, and as an admirably 
consistent exposition of it Modem^Life Chemistry deserves to bo read and 
digested by every live teacher of real-life chemistry. 

H. Ibvikg. 


Clowes and Coleman’s Quantitative Chemical Analysis. Edited 
and revised by D. Stockdalk, M.A., Ph.D., A.I.C., and J. Dsxtsb, 
M.A., B.Sc., A.I.e. Fourteenth edition. [Pp. xiv -f 610, with 130 
figures.] (London; J. & A. Churchill, Ltd., 1938. 18tf. net.) 

Although new methods of analysis are continually being worked out, and 
must bo included in a modem text-book, they rarely displace the older 
methods, consequently the task of revising a standard text-book consists 
largely in condensing old subject-matter in order to find space for the new. 
This has been done in the fourteenth edition of Clowes and Coleman by re¬ 
setting the type and re-writing much of the text. In this way space has been 
found for new determinations of aluminium and magnesium by 8-hydroxy« 
quinoline ; the colorimetric determination of aluminium by “ aluminon ” ; 
the use of ferrous phenanthrolino as internal oxidation—reduction indicator, 
ceric sulphate, salicylaldoxime in the analysis of cupronickel, etc. The 
section on the analysis of non-ferrous alloys and the valuation of manures 
has also been completely revised, but it is specially emphasised that the 
section (200 pages) on General Quantitative Analysis must no longer be 
regarded as a work of reference but is “ of most value when used as an inter¬ 
mediate text-book to give a preliminary knowledge of the more important 
special processes.” 

” Clowes and Coleman ” is an old friend, and to recommend it is almost 
superfluous. Generations of students have used its thirteen editions and 
many more will continue to do so. On one small point the book does itself 
a grave injustice. Surely ” estimation ”—^the approximate judgment of 
number, amount, etc.—^is hardly the correct description of the exact experi* 
ments contained in this book. 


J. N. 8. 
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OtttUxiM of Mothods of Chamioal AAalyftis. By G. E. F. Lxm- 
DEix, Ph.D., and Jambs Ibvin Hoffman, Ph.D. [Pp. xii 4- 260, with 
116 tables.] (New York; John Wiley & Sons, Inc.; London: 
Chapman & Hall, Ltd., 1938. 16«. net.) 

An outstanding merit of this book containing 116 tables in 260 pages is that 
there are comparatively few words in the text. An extraordinary amount 
of valuable matter is compressed within its relatively small compass, emd 
in contrast with encyclopaedic works it can with advantage be read from 
cover to cover. Everyone concerned with inorganic analysis extending 
beyond established routines would do well to place it in an accessible place 
in his laboratory, so that it may be the first work consulted when any un¬ 
familiar analytical problem is encoimtered. 

We live in a time when the difficulties of analytical separations ore in¬ 
creasing because of the growing complexity of industrially valuable materials, 
and the ever-increasing use of the rarer elements. Lack of time usually 
prevents the industrial chemist from doing more than cope with specific 
difficulties in a hand-to-mouth manner as they arise. The authors have 
tackled the problem in a really fundamental way by providing analysts with 
information concerning the behaviour of aU the elements in the more import¬ 
ant reactions used in analytical chemistry—information based very largely 
on their own experimental work. Twenty-two diagrammatic outlines of 
typical schemes of analysis ore given illustrating a variety of methods of 
overcoming difficulties, and exemplifying the differences between “ umpire ** 
and routine analyses. 

Any criticisms that might be made are of such a minor character that one 
woloomes unreservedly this novel and useful work. 

T. B. Smith. 


Semi-Micro Qualitative Analysis. By Paui. Abthub, Ph.D., and 
Otto M. Smith, Ph.D. [Pp. xii -f 198, with frontispiece and 10 
figures.] (New York and London : McGraw-Hill Publishing Co., 
Ltd., 1938. 12^. net.) 

Thm book describes tho application of ordinary analytical methods to the 
semi-micro scale, and is based on a course used in the Oklahoma Agricultural 
and Mechanical College. The schemo differs but slightly from the customary 
macro-procedure, only the technique and a few reagents being changed, and 
it is recommended os an alternative to the older methods, '' for any student 
or instructor can readily acquire the skills necessary in the handling of small 
amounts and the identification of the product of the reactions.*' The instruc¬ 
tions are adequate but not always very happily phrased and the book is 
very expensive. 

J. N. S. 

An Intermediate Courae of Volumetric Analysis. By Gordon 
Edward Watts, M.A., Ph.D., B.Sc., F.I.C., and Clifford Chew, 
M.Sc.Tech., F.I.C. [Pp. vui -f 224, with 10 figures.] (London and 
Glasgow: Blackie dc Son, Ltd., 1938. 3s. 6d. net.) 

Tmid laboratory manual is baaed on a course of instruction given by the 
Authors at Brighton Technical College, and covers the syllabus of the Inter¬ 
mediate B.Sc, and similar examinations. The exercises are arranged in 
twenty-two groups, each of which can be completed in a three-hour labor- 
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atory period. The choice of experiments is wide and the working instruotiom 
clear and adequate, but the tendency to build up equations to their maximum 
complexity (Chaps. V and VI) might well have been avoided. The book 
may be recommended with confidence and its very modest price is an addi« 
tional attraction. 

J. N. S. 

Calculations in Quantitative Chemical Analysis. By Johk A. 
Wilkinson, Ph.D. Second edition. International Chemical Series, 
[Pp. X + 154.] (New York and London : McGraw-Hill Publishing 
Co., Ltd., 1938. lOtf. 6d. net.) 

This book was first published ten years ago. A few minor changes have 
been made in the new edition and all problems have been re-calculated using 
the 1937 table of atomic weights. The book is well planned, written in an 
American style, but the price is quite prohibitive to English students. 

J. N. 8. 

Catalysis from the Standpoint of Chemical Kinetics. By G.-M. 
Schwab. Translated by H. 8 . Taylob and R. Sbenok. [Pp. xii -f 
357, with 39 figures.] (Now York : D. van Nostrand Co. Inc. ; 
London : Macmillan & Co., Ltd., 1937. 18s. net.) 

This volume is a necessarily much revised but not greatly enlarged version 
of Schwab’s book on Catalysis published in German eight years ago. The 
first half of the book deals with homogeneous catalysis, there being two 
short chaptcsrs devoted to gas reactions, the remainder dealing with liquid 
phase catalysis. The second half of the book is devoted to heterogeneous 
catalysis. 

Since the book is likely to be used extensively by students the following 
points may bo noted. In the first section on p. 26 in the formula giving 
the rate of decomposition of polyatomic molecules, n is the number of square 
terms and not the number of degrees of freedom. The reference to Semenoff 
on p. 47 as being responsible for a wave mechanical treatment of resonance 
between all molecules in a recMstion spctce is wrong ; the references are to his 
classical papers on critical oxidation limits. 

The chapters on catalysis in liquids have not been changed appreciably. 
Here a full description is given of acid and basic catalysis, and of the theories 
of Dawson, Brdnsted, Bjemun and others. But surely the statement on 
p. 167 that “ the general theory of reaction rates reduces the problems of 
kinetics to the thermodynamic calculation of an equilibrium constant for 
the activated complex and the calculation of a transmission coefficient 
was written in a spirit of light-hearted optimism scarcely justified by sub¬ 
sequent events. 

In the second half of the book, activated adsorption has a section to itself, 
, hut no definite statement is made about the nature of the process—a feature 
which leaves the uninitiated reader somewhat in the dark. The diagram on 
p. 242, while probably energetically correct does not necessarily indioate the 
relative prohabilities of the occurrence of reaction, since there is no expUoit 
relationship between the absolute velocity and energy of activation of a 
heterogeneous reaction. Brief discussions are included on the quantum 
mechanical interpretation of heterogeneous processes and on heterogeneous 
chain reactions. 
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The book thus gives an extensive unbiassed and sufficiently dooiunented 
account of present ideas of catalytic phenomena. Comparison with earlier 
books on oata]3n3is cannot fail to impress tlie reader that the word catalysis 
no longer conceals an admission of ignorance about chemical phenomena on 


the part of the chemist. 


H. W. Mklvilile:. 


The Fine Structure of Matter. Vol. II of a Comprehensive 
Treatise of Atomic and Molectilar Structure. Part n: 
Molecular Polarisation. By C. H. Dotrouis Clark, D.Sc., 
A.R.C.S., A.I.C., D.I.C. [Pp. Ixxii -f 242, with 35 figures.] (London : 
Chapman A Hall, Ltd., 1938. 15s. net.) 


This volume forms part of a Comprehensive Treatise on Atomic and Molecular 
Structure. Each volume is complete in itself and this addition is no excep¬ 
tion. Like many other branches of physical chemistry, accumulation of 
data makes it necessary that an ordered compilation should be attempted 
from time to time, so that information on a given topic may be made re^ily 
accessible to a non-specialist. This is the main purix>8e of the book under 
review. Dr. Douglas Clark has, however, gone much further than make a 
useful compilation, for he has prefaced each chapter by an introduction in 
order that those not familiar with the underlying theory may readily obtain 
a working knowledge of it. Even at the expense of increasing the bulk of 
the book this valuable feature might have been amplified to some extent so 
that the text would almost have fulfilled a double purpose. Alternatively 
the appendix might form a useful place where such an extension could easily 
be accommodated. 

The voltime is divided into four chapters, the first deals with the dielectric 
constants of solids, liquids and gases, the second witli the Debye theory and 
the third with molecular refraction. The final chapter is concerned with 
the measurement of the permanent electric moment of molecules. The 


literature is surveyed up to 1935. 


H. W. Mklville. 


Dipole Momenta: Their Meaaurement and Application in 

Chemiatry. By R. J. W. Lu FAvre, D.So., Ph.D., F.I.C. Methuen’s 

Monograplis on Ph 3 rsical Subjects. [Pp. vi -f 110, with 28 figures.] 

(London: Methuen A Co., Ltd., 1938. 3s. 6d. net.) 

Thb present book, like many of the others in the same series, fills a gap caused 
by the rapid development of a particular field of research. The first three 
chapters and the final one are devoted to a discussion of the theory and 
practice of the measurement of the dipole moment of a single molecule from 
observations on the dielectric constant and/or the refraotivity of a gas or 
solution of those molecules. The discussion of the theoretical side is not 
wholly satisfactory, the limitations and the assumptions of the methods 
employed not being sufficiently stressed; nor are the modifications due to 
the quantum theory mentioned (e.g. the explanation of the curious anomaly 
in ammonia). The remaining two chapters are concerned with the applica¬ 
tion of the results of dipole detenninations to questions of molecular structure. 
In particular, the author has considered the evidence &om dipole moments 
for the recent theories oonoeming the existence of ** resonance ” and of free 
rotation in simple organic (xnnpounds. The author seems to prefer the 
chsmioal concept of ** mesomedsm *’ to the more fundamental physical one 
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of “ resonance.” In a physical monograph one would have expected the 
work of Pauling to have b^n referred to as tho standard and fundamental 
treatment of such matters. There is a handy table of dipole moments of 
some two hundred simple molecules. This very useful little book will be 
welcomed by all interested in questions of molecular structure. 

G. B. B. M. S. 

Numerical Problems in Advanced Physical Chemistry. By 

J. H. WoLFENDEN. [Pp. XX 4" 227.] (Oxford: at the Clarendon 
Press ; London; Humphrey Milford, 1938. 7s. 6c/. net.) 

Students and teachers of physical chemistry generally agree that the working 
of numerical examples is the one method of acquiring a satisfactory knowledge 
of their subject. But however unanimous in theory, most of them are only 
too happy to leave to others the practice of this declared virtue. The reason 
for this discrepancy is plain when some of tho older boolcs on chemical cal* 
dilations are examined; the reader is not inspired to seek pencil and paper 
and set to work, rather is ho reminded of a detention period at school where 
a certain time must be passed in imcongenial exorcise. Any attempt to 
change this trawiition and approach tho subject in a novel manner deserves 
encouragement. 

Dr. Wolfenden’s book provides material for the calculation of quantities 
in which one is really interested. He has selected 130 original publications 
on physical chemistry which serve as illustrations of most types of recent 
research. Tlie title, name of author and reference are given and a summary 
of tho data in the paper follows. The “ problem ” is to recalculate the 
authpr^s results. This method of presentation takes considerable space and 
the instructions on methods to bo adopted ore correspondingly brief. The 
reader is thereby challenged to solve the problem for himself, while the notes 
appended indicate the most common errors should the first attempt prove 
incorrect. Additional help is provided by a table which gives the chaptem 
in a number of common text-books which deal with the subject matter of 
each example. Finally the answers are given in detail at the back of the 
volume. In the thirty-five problems, chosen at random, tliat the Reviewer 
attempted no serious error was discovered. 

The book can be recommended to everyone who is interested in the 
development of physical chemistry and its modest price should ensure that 
it is in the possession of every imiversity student who is specialising in 
chemistry. 

R. H. P. 


Principles of Organic Cbezniatry. By H. P. Starck, M.A. (Cantab.). 

[Pp. viii 4* 664, with 68 figures.] (I^ndon and Glasgow : Blackie A 

Son, Ltd., 1938. 12s. 6d. net.) 

Text-books on chemistry for medical students generally fall into two classes : 
(a) those which are packed with unintelligible formulae such as those of the 
latest in vitamins A to Z, and of the special favourite, chlorophyll; (6) those 
” written for medical students ”—^this phrase in the Preface being the chief 
clue to the crime. The above work belongs to neither class. The author 
has carefiilly avoided mystifying complexity, and written a book which should 
be intelligible and particularly useful for medical students, without decreasing 
its value for the ordinary chemistry student. 
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Its use to the medical student is apparent in the special consideration 
given to chloroform (p. 94), ether (p. 140), “Use of Alcohol in Biological 
Work “ (p. 118), tests for alkaloids (p. 630), etc. The general student is well 
catered for, the early portions dealing with physical chemistry being made 
clear by numerous examples. The section devoted to petroleum (pp. 66-8) 
is unusually interesting. Tables of comparative properties of compounds are 
numerous, well done and ore invaluable aids to revision. The explanation 
of the principles underlying the use of the Polariinetor (p. 260) is a welcome 
insertion in a work of this size : it is 8imi>ly and, rare accompaniment, 
efficiently done. The chapter (pp. 477-86) on the Grignard reagent is excel¬ 
lent. The study of heterocyclic compounds is wisely omitted. 

Points deserving mention are : On p. 641, 100 g. is a printer’s error for 
1000 g.—actually the Tables are of comparatively little value to students for 
whom the book is written. On p. 379, the modes (a) and (b) of representing 
the formula of benzene are apt to mislead a student, and, anyhow, are never 
use<i. We cannot agree that printing the benzene hexagon in an elongated 
form “ saves space “ ; the practice is common but serves no useful purpose, 
and introduces disadvantages which are avoided by using, os Nature does, 
the regular hexagon. The Ladenbuig formula for benzene (p. 382) is not 
worth mentioning unless it is interpreted. Dewar’s formula leicks (as printed) 
the diagonal bond. It is unfortunate that the conventional writing of a 
disodium derivative of malonic ester, etc. (p. 288), persists in all text-books 
and even in authoritative publications such as The Life and Work of Professor 
WiUiam Henry Perkin (Chem. Soc., 1932, pp. 47, 69—note the covering state¬ 
ment). Perkin himself introduced this misleading and inaccurate formulation 
(BerifMe, 1884, 17, 64), but corrected it later (Joum, Chem. Soc,t 1886, 47, 
807) when he wrote : 

< OOEt CHjBr CH,v /COOEt yCOOEt 

4 ^ = I yv -f CH|<; -f 2NaBr 

OOEt CHjBr CH/ ^COOEt N^OOBt 

The lewst quarter of the book is devoted to practical work. In testing for 
Cl (p. 493) in presence of N, Clark’s test (Joum. Chem. Soc.^ 1936, 1060) is 
preferable to that given—halide precipitates are pennanent but cyanides 
dissolve in mercurous nitrate solution. 

Prolific distribution throughout the volume of questions mostly taken 
from Papers sot in Public Examinations, render the book a oomprehensivo 
production. 

S. Hoewood Tuokke. 

Laboratory Techniq[ue in Organic Chamiatry. By Aveby Apeiam 
Morton. International Chemical Series. [Pp. x -f 261, with 122 
figures.] (New York and London; McGraw-Hill Publishing Co., 
Ltd., 1938. 16s. net.) 

The conventional text-books on practical organic chemistry, whether they 
deal with “ preparations “ or “ identifications “ or both, do not as a rule 
provide sufficient instruction in manipulative technique. Beginners may 
get their first notions on the simplest laboratory practices from such text¬ 
books, but at a later stage supplementary information and constant guidance 
from the demonstrator or teacher is required by the majority of students. 
Advanced workers and researchers in the field of modem organic chemistry 
have had in the past to rely mainly upon German standard works of reference 
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such as those by Lassar-Cohn and Houbon-Weyl. These books are bulky, 
ctxpensive and not very conveniently arranged—^moreover, they soon become 
out of date. Tliere is definite need for a handbook of reasonable size which 
is sufficiently comprehensive and well referenced. These requirements are 
fulfilled by Associate-Prof. A. A. Morton’s excellent little work which, so far 
as the Reviewer is aware, is the first of its kind in the English language. The 
purpose of the book is “ to improve the student’s imderstanding of ordinary 
laboratory manipulations and to widen tVie research worker’s knowledge of 
the apparatus at his command.” It consists of a compewst yet detailed 
treatment of theory and practice of fundamental operations, together with 
brief descriptions from the original literature including recent advances. 
The main chapter headings are : drying and drying agents, melting-point, 
boiling-point, fractional distillation, vacuum distillation, steam distillation, 
crystallisation, filtration, adsorption, extraction, special methods and 
apparatus, and experiments. The discussion of these matters falls into 
189 sections of the book, which is well supplied with explanatory sketches 
and many useful tables. There is also a good index. Although this small 
volume is not intended as a bibliographical survey it contains, nevertheless, 
over 400 literature-references which, judging from a comprehensive selection 
verified by this reviewer, are both accurate and relevant. Treatment of 
individual subjects is throughout adequate and some chapters, for instance 
those on drying and drying agents and vacuum distillation, are exceptionally 
well done. Classical micro-methods receive duo recognition wherever 
possible, and modern developments such as the molecular still and chromato¬ 
graphic adsorption are fully described and explained. Some useful informa¬ 
tion has been incorporated from the results of unpublished researches by the 
author and others. The text is well set out and errors are few and fairly 
obvious, excepting p. 162, line 6, where 0*16 g. should read 15 g. and p. 206, 
line 4, where 66 mm. should read 66 cm. 

This convenient and up-to-date laboratory handbook will be much appre¬ 
ciated by research chemists and teachers of advanced practical cliemistry. 

W. D. 


Notes on Qualitative Organic Analysis. By F. R. Storjrik, Ph.D., 

A.I.e. Dent’s Modem Science Series. [Pp. x -f 68.] (London: 

J. M. Dent & Sons, Ltd., 1938. 2s* 3d.) 

Db. Stobbik’s ” notes *’ on qualitative organic analysis are obviously intended 
for the use of beginners at laboratory work in organic chemistry, since the 
author has confined his attention to the methods of detection of a brief list 
of well-known organic substances. The typical roeK^tions of the chief organic 
radicals are briefly summarised, and emphasis is laid on the preparation of 
crystalline derivatives by operations cfuried out on the small scale. Atten¬ 
tion is wisely directed to the use of such modem reagents as 3:6-dinitoo- 
benzoyl chloride, 2:4-dimtrophonylhydrazine and p-nitrobenzyl bromide, 
and details for the preparation of these substances have been included. 
Teachers will be interested to find that Middleton’s reagents (sodium car¬ 
bonate -f sucrose, or zinc dust + sodium carbonate) are recommended for 
use in detecting elements by the fusion process in place of sodium metal. 

Tliere is always a danger that books like this which give ” notes ** for 
laboratory guidance will tend to foster the bad practice of the meohameal 
application of tests by students who may foil to connect together intellig^ly 
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their theoretical knowledge and their laboratory experience. In his “ Intro¬ 
duction ” Dr. Storrie advocates that teachers using this book should recom¬ 
mend to students that they should gain chemical knowledge by taking a known 
member of each group of substances described in the notes and carrying out 
with it all the tests that are described. The Reviewer most strongly supports 
the adoption of such a procedure in the laboratory. 

W. A. W. 

Fundamentals of BiochimaUitry. By Cabl L. A. Sohhidt, M.S., 
Ph.D., and Fkank Worthikoton Alubn, Ph.D. [Pp. xvi -f 388, 
with 29 figures.] (New York and London : McGraw-Hill Piiblisliing 
Co., Ltd., 1938. 18s. net.) 

The parts of this book deal respectively with biological variation and the 
analysis of experimental results, standard solutions, hydrogen ion concentra¬ 
tion, neutrality regulation in the body, enzymes, mineral metabolism, vita¬ 
mins, endocrines, chemistry and metabolism of the lipids, bile, chemistry and 
metabolism of the carbohydrates, chemistry of aminoaoids and proteins, 
metabolism of proteins, urine and blood analysis and, finally, energy exchange. 
Each part contains a clearly written, succinct account of the section of the 
subject with which it deals, followed by a detailed description of a series of 
car^ully chosen experiments to be performed by the student. The tlieoretical 
and practical sections are complementary, each helping to explain and clarify 
the other. The experiments throughout the book are divided into two 
series, the one containing those suitable for a first course, the other series 
containing the rather more elaborate experiments to be carried out after 
some experience lias boon gained. Each of the fifteen parts begins with 
references to literature—^usually to recent reviews or advanced text-books— 
with the object of encouraging the student to read up the subject for himself. 
At the end of the book are appended useful tables for calculating the calorific 
values and nitrogen contents of various foodstuffs. Even though some of 
the articles included are more familiar in America them in Britain, the informa¬ 
tion given will be found very useful by anyone who may want to work out 
the dietary value of a meal. In a didactic manual of this kind, where clarity 
and precision are so important, there is often a tendenoy to over-simplify 
and to make statements imduly dogmatic. The authors of this book have 
contrived with surprising sucoeas to avoid this pitfall. They are lucid and 
precise, and yet, for the most part, strictly accurate. The generally able 
way in which the volume has been put together, the sensible arrangement 
and clear exposition, should recommend it to many engaged in the teaching 
of biochemistry to students of science or medicine. 

W. O. K. 

Axinual Review of Biochemietry. Vol. VII* Edited by James 
M tnEtRAY Luck. [Pp. ix -f 671.] (Stanford University P.O., Cali¬ 
fornia : Annual Reviews Ino.; Loi^on: H. K. Lewis A Co., Ltd., 
1938. $5.00.) 

The high reputation already established by this Annual Review is well 
sustained by the present volume. The policy is continued of including 
articles not only on the main branches of biochemical research, but also on a 
few selected special topics in which noteworthy advances happen to have 
been made during the past few years. Inoluded in the present volume for 
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instanoe, wo find a disoussion of Organic Insecticides by F. B. LaForge and 
L. N. Markwood, of Growth Regulators in th© Higher Plants by P, Boysen 
Jenson, and of The Terpenes, Saponins, and Closely Related Compounds by 
W. A. Jacobs and R. C. Elderfield. The usual chapter on The Chemistry of 
Bacteria is this year written by W. H. Peterson and M. J. Jolinson. The 
other nineteen chapters deal with the usual wide range of topics, Oxidations 
and Reductions, Stnictural Chemistry, Enzymes, Honnonos, Vitamins, 
Muscle Chemistry, Pigments, and so forth, and a list of contributors includes 
many names familiar to biochemists all the world over. 

The writers of these reviews, who are all experts on their subject, may bo 
ox|)ect©d to criticise as well as to compile. Mere compilation is already done 
efficiently by abstractors and indexers in at least tliroe different countritas, 
and it is not the purpose of these reviews to supplant either abstracts or 
indexes, nor to make unnecessary the study of the original literature. The 
readers for the most part are themselves biochemists, and they wish to know 
how the reviewer, as a specialised biochemist, interprets the year’s resulte 
achieved in his own field. The editors are obviously in sympathy with this 
point of view and they are to be congratulated on the success which they have 
attained in the difficult ttisk of giving it effect. It is probable, however, that 
most readers would welcome further modifications in the same direction. 
This is not of course a criticism of the book, but rather a personal expression 
of opinion which may encourage the editors to continue the policy they are 
pursuing with marked success. 

W. O. K. 


The Chemistry of Petroleum Derivatives. Vol. U (Supplementary). 
By CABI.BTON Eixis. [Pp. 1404, with 354 figures.] (New York: 
Reinhold Publishing Corporation; London: Chapman &. Hall, Ltd., 
1937. £6 net.) 

The petroleum world is being well served on the technical and scientific side. 
There is an active output of research which is published in appropriate 
journals ; The Science of Petroleum, in four splendid volumes, has recently 
appeared ; in 1937, Egloff’s Reactions of Pure Hydrocarbons was published ; 
and in 1934, we expressed high approval of The Chemistry of Petroleum 
Derivatives, by Carleton Ellis. 

Now, we are invited to examine Vol. II by the same author, which con¬ 
tinues the subject matter of the previous volume, covers the advance during 
the last few years, and supplies some additional references to earlier work. 

Th© ordinary standards and practice of criticism tend to wilt before such 
on accumulation of knowledge as has been brought together. Th© Reviewer’s 
business is to tell the public whether, in his opinion, a book is good or bad, 
and why. There is no difficulty in the present case in deciding that th© book 
is good, very good ; but to say why is only possible in th© most general terms. 
It would bo useless even to go through it chapter by chapter—there are 54 
of them, each with anything between 60 and 300 references. The number 
of pages of text is 1343, of Nam© Index 27 (with nearly 6,000 entries), and of 
Subject Index 91 (with about 13,000 entries). Thus, concentration defeats 
detailed examination. 

This tremendous accumulation of facts is a proof, if proof be needed to-day* 
that petroleum is no longer the inert material that it was once consider^ 
to be, responding only to such violent reagents as sulphorio and nitric acids* 
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the halogens, and the rest. Not only is it, in truth, reactive to milder treat* 
ment, but nowhere in technology and the laboratory is the use of catalysts 
more highly developed ; they are employed not only in polymerisation, but 
also in such opposite molecular transformations as synthesis and cracking. 
And the most remarkable application of advanced science is the use of the 
Raman effect in the study of cracked gasolene. 

Amongst the new matter in this volume is the use of petroleum products 
in ansssthosia, thermodynamics, synthesis through carbon monoxide and 
hydrogen, and petroleum bitumen ; together with the description of a host 
of other industrial products. A truly admirable and valuable book. 

Pkbcy E. Spibxuann. 

The Chemistry and Technology of Rubber Latex. By 0. Fax,- 
CONKB Flint, Ph.D., D.LC., A.I.C., A.R..C.8. [Pp. xx + 715, with 
frontispiece and 146 figures, including 36 plates.] (London: Chap¬ 
man A Hall, Ltd., 1938. 42s. net.) 

ALTHOX7QH Dr, Flint has based his work on Georges G^xiin’s Chemie et Tech- 
nologie du Latex de Caoutchouc, it may definitely be stated that the present 
publication is essentially a now book. It deals in a comprehensive manner 
with every as|X)ot of latex technology from plantation control to the use of 
latex in most recent industrial developments. The author has devoted special 
attention to practical working instructions and detailed recipes which moke the 
book of great value to all interested in the applications of latex. 

The processes are lucidly explained and their operation criticised and 
discussed with the minimum of chemical theory. 

The subject matter in this treatise is most carefully arranged and deals 
first with plantation operations and then with the utilisation of latex in the 
manufacture of goods by dipping, by electro-deposition and by the impregna* 
tion of fibres. The preparation of sponge, latex-bound upholsteiy% artificial 
leather, and of artificial latices and the testing of latex ore included. Although 
it occupies over 700 pages, the book is a recwiablo treatise, with abundant 
references to the original literature and can be thoroughly recommended. 

If any criticism can be offered it is only of a minor character and oonoems 
the references. It would have been better if the more usual abbreviations 
and method of giving the references had been used. The book is well printed 
and illustrated and Dr. Flint is to be congratulated upon its compilation. 

T. J. D. 

Chemical Dictionary. BylNOo W. D. Hackh, A.M., F.A.I.C., F,Il.S.A, 
With the collaboration of JULTcrs OaAjrr, M.So., Ph.D., F.I.C. Second 
edition. [Pp. x -f 1020, with numerous illustrations.] (Philadelphia: 
P. Blakiston*8 Son A Ck>., Ino.; London: J. A A. Churchill, Ltd., 
1938. 48s. net.) 

It is a poor writer whose preface gives a reviewer nothing to quote, but Mr. 
Ingo Haokh does not disappoint us, for he begins thus: The words of 
Berxelius a hundred years ago hold true to-day; namely that ‘ the devil 
should write books on chemistry, for every few years the science changes.* ** 
This hard saying finds an echo in the heart of every struggling lexicographer, 
and it is no mean compliment to Mr. Hackh to say that he has achieved 
remarkable success in his attempt to cope with the diabolical swiftness of 
the flood of new knowledge. 

QQ 
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This “ Chemical Dictionary ** is one in which the word “ chemical is 
liberally interpreted. All the related sciences are swept into the net, and 
a colossal book is the result—over 1000 pages of small (but very clear) type. 

A feature of the work is the elaborate, and exceedingly useful, system 
of tables, detailed lists of enzymes, vitamins, hormones, indicators, resins 
and balsams, hazardous chemicals, tannins, and so forth, and less expected 
items such as the Greek alphabet, the group numbers of bacteria, a spectral 
classification of the stars, and a table showing the way in which chemical 
research is distributed between the countries of the world, as well as the 
variation in research intensity, t.e. th(^ number of chemical papers published 
in each country per million inliabitonts. 

Some of the entries are curious, such as the “ Miner’s inch,” which 
proves to be the volume of water flowing in 24 hours under certain conditions 
through a square inch hole in a plank of wood. Again, under ” Dope ” we 
get four meanings, the fourth of which roads “ colloquially: infonnation, 
experimental results ” ! Oddly enough, the use of the term dope ” for 
anti-knock material is not mentioned. 

Rhenium is boldly stated to be a ” noble metal of the platiniun group,” 
a verdict which will not be accepted without qualification by most chemists. 
It seems strange to find phosphorus described (s.v. Brand, Hennig) as ” the 
first non-metallic element ” discovered, and Pliny the Elder, statesman and 
friend of Emperors, might have felt himself inadequately set out as “a 
Roman soldier noted for his scientific observations and writings.” 

The book is beautifully produced, and misprints seem to bo rare, though 
the Reviewer lias noticed ” digitoxegenin ” (^.r. digilonide), ” trypase ” 
(8,v, enzyme), Taylor, Hugh Stutt (for Stott), and the entry ” Badouin^s 
reagent. See Baudonin,” where Baudouin is presumably intended in each 
case. Under ” hormone ” a cross-reference is given to ” chalone,” a term 
which is not to be found, while ” sieve ” might well have a oross-referenoe 
to ” fineness,” under which word a table of sieves is given. 

To incorporate the multitudinous new names and terms of the last ten 
years is a difficult task, and Mr. Hackh has made a gallant effort to cope with 
it. A survey of the letter A reveals that he has succeeded in including 
aglucones, avertin, ameliaroside, arsepedine, asebotin, ascorbic acid, astacin, 
adipoin, actiniasterol, atabrin, aUotelluric acid, aninsulin, aneurin, and 
antheraxanthin, all recent coinages, but has not catalogued aacosterol (Ann., 
1929,473, 300), ataxitic (KoUoid Z,, 1931, 66, 71), ajmaline (J. Jnd. Chem. 
Soc,, 1931, 8, 667), atlantone {Helv, Chim. Acta, 1932, 16, 1481), ahouain 
(J. Biol, Chem,, 1934,106, 231), ambaline (Univ, PhUippinea Nat. Appl. Soi. 
Bfdl„ 1933, 3, 363), onomerism (Kong. Norake Videnah. Sdak, Skr., 1933, 
No. 7, 1), or austinite (Amer. Min., 1936, 20, 112). 

It would be wrong to review a dictionary without noting defects, but it 
would be better not to review this book at all than to convey to the reader 
an impression that it is not a greet piece of work. No chemical library should 
be without it, and every chemist who buys it will find it a constant help and 
source of interest. Not the least attractive feature, since we are all more 
interested in human beings than in anything else (even Chemistry), is the 
series of biographical notices, often with portrait attached. The author is 
thoroughly international in his outlook and no bias in favour of American 
chemists could be detected. 


K. C, B, 
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T«xtile Testing. By Jambs Lomax» F J.C.» Officer in charge of the Yam 
and Textile Testing Bureau at University College, Nottingham. 
[Pp. viii + 176, with 42 ligures, including 12 plates.] (London, New 
York, Toronto : I^ngmans, Green & Co., 1937. la, 6d.) 

The most obvious field of activity for scientific workers in the textile indus¬ 
tries is provided by “ testing/’ Here is ample scope for the microscopist, 
physicist and chemist, and no more so than in what would appear to bo the 
most elementary tests. A key dimension in textile testing is yam thickness, 
wliich, because of tlie rather indeterminate profile of most yams, is not 
usually measured by a device like a wire gauge, but by relating weight to a 
imit length. This sounds simple enough, but actually is one of the least 
satisfactory operations in textile testing. It is possible for two observers to 
obtain widely different results for the length measurement, because yam can 
be stretched. And the weight of the yam is subject to variation because 
textile fibres are hygroscopic and therefore influenced by atmospheric con¬ 
ditions. 

It is highly important, therefore, that officials, like the author, who have 
charge of testing laboratories where routine practices are more or less standard¬ 
ised, should describe and justify their methods. Such a book is long overdue. 
English textile literature has been lamentably lacking in this department. 

In 176 pages the author has done no more than ho claims, namely to 
provide a guide covering the elements of the) subject. The book has received 
much criticism in textile circles and it is to be hoped that the author and 
publisher will soon take advantage of many suggestions that have been 
made for its improvement. It holds the field at present as the only general 
text-book in English on textile testing that merits any consideration from 
scientific workers. 

J. C. WlTHlCBS. 

An Introduction to the Study of Spinning. By W. E. Mobtok, 
M.So.(Tech.), F.T.I. [Pp. viii -f 267, with 162 figures.] (London, 
New York, Toronto : Longmans, Green & Co., 1987. 12s. 6d. not.) 

A HIGHLY significant change in the approach to the study of textiles has 
been in progress for more than twenty years. Formerly, the various branches 
were rigidly divided according to the fibres—a cotton man, for example, 
seldom giving himself to the study of wool—and, in the cotton industry at 
least, the boundaries between spinning, weaving and the chemical processes 
such as bleaching and dyeing were not often overstepped except by studemts 
in the more academic ” schools. Further, in the study of the mechanical 
processes tlio tendency was to lose sight of principles, and almost of the 
fibre or yam, in a detailed study of machine parts. The old teaching pro¬ 
duced excellent craftsmen, but it has been felt for many years tlmt broader 
training is necessary if the industries are to be saved fmm stagnation, and 
the modem tendency to use more than one type of fibre in a cloth—^not 
for adulteration, but to secure novel and pleasing effects—also demands at 
least a general knowledge of all the major fibres auid processes. 

The Municipal College of Teclmology in Manchester has taken a leading 
part in reorganising the teaching of textile technology on these new lines 
and the author, as professor of the subject, has now roi^e a most important 
contribution to textile literature by providing the first of an entirely new 
type of text-book. 
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The first part (123 pages) describes the production and properties of wool, 
silk, cotton, flax, hemp and related fibres, and the rayons. The second part 
(126 pages) is devoted to the ** foundations of spinning technology and is 
unique in that it traces the principles of the various operations from the 
original handicraft appliances, and shows how the evolution of modem 
spinning machinery has been influenced by the character of the raw material. 
The book stops at the conversion of fibres into simple yams, but it is to be 
hoped that companion volumes in the same spirit will continue the story. 

The book has been well received in the textile press, though most reviewers 
have found technical points for criticism. Tlio present reviewer, however, 
would in this place stress the value of the book to the general scientific 
reader. No better account of the production and qualities of the various 
fibres in so few as 123 }>ages is available and the author’s exposition of the 
princijAes of spinning is the only one that can claim to bo scientific. The 
author must be congratulated on an excellent piece of writing and on the 
production of the most significant addition to British textile text-books that 
has been made for many years. 

J. C. WlTHKES, 

Intermediate Readings in Chemical and Technical German. By 

John Theodore Fotos and R. Norris Shrkve. [Pp. xliii 219.] 
(New York ; John Wiley & Sons, Inc. ; London : Chapman & HaU, 
Ltd., 1938. 9tf. 0d. net.) 

There is no need to-day to emphasise the value of a knowledge of scientific 
and technical German, and several text-books spcx^ialiy written for science 
students are now available. This book is one (the third) of a series of four 
prepared jointly by the School of Chemical Engineering and the Department 
of Modem Languages at Purdue University. It is intended to follow volumes 
one and two and to bo studied in the third semester. It consists of 34 pages 
of grammar and 50 reading exercises chosen fh>m Ullmann’s EnzyklopdMe 
der Techniaefhen Chemie arranged in alphabetical order. Words used for the 
first time are explained in footnotes (to avoid constant references to the 
vocabulary at the end of the book), and there are also explanatory notes 
dealing with idiomatic expressions, special points of grammar, eto. The 
whole is well planned, the text very thoroughly examined and explained and 
suitable for anyone already possessing some knowledge of grammar and an 
elementary vocabulary, but it is improbable that English students would 
find time to work through the whole four-volume course. 

J. N. 8. 

GEOLOGY 

Outlines of Geology. By C. R. Lonowell, A. Knorf, R. P. Fumt, 
C. SoHUOHEBT, and C. O. DtWBAR. [OttUinea of Phyavoal Geology, 
pp. vi -f 356, with frontispiece and 297 figures ; OutUnes of Hiaiorioal 
Geology, pp. vi + 241, with frontispiece and 151 figures.] (New 
York ; John Wiley A Sons, Inc.; London ; Chapman & Hall, Ltd., 
1937. 20s. not.) 

This book is a combination in one volume of the Quanta of Phyaieal Geology, 
by C. R. Ix>iigwell, A. Knopf, and R. F. Flint, published in 1934 (reviewed 
in SoiENOE PaoaiuBSS, XXIX, 1935, 566), and the third edition of the 
OvMnea of Hialoriodl Geology, by C. Schuchert and C. O. Dunbar, published 
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in 1937» and reviewed in thiB volume of Soiknob Pboobksb (see below). The 
preface states that the book has been made in response to a widespread 
demand from teachers of geology for a brief text-book covering the salient 
features of physical geology and historical geology. It may, of course, be 
a convenionoe for the purposes of study to have those two excellent texts 
combined in one volume ; but the fact that the price of the combined volume 
is 11s. less than that of the two separate volumes will probably weigh most 
with the student. 

G. W. T. 

An Introduction to Historical Geology. By W. J. Millkr. Fourth 
edition. [Pp. xii 4* 499, with frontispiece and 372 figures.] (New 
York: D. van Nostrand Co., Inc.; London : Chapman A Hall, 
Ltd., 1937. 15s. net.) 

This work has been thoroughly revised for the fourth edition, many parts 
having btnm completely rewritten and various new topics introduced. The 
illustrations are much more numerous compared with previous editions, 
and they have been greatly improved in reproduction. Instead of the life 
of each period being discussed separately, in this edition the life of each 
era is dealt with as a whole, thus avoiding unnecessary repetition of details 
in common, and presenting a much more imified picture of the evolutionary 
changes that have occurred. 

After an introductory section of eight chapters dealing with general 
principles, and with the Archojozoic and Proterozoic eras, succeeding sections 
treat of Early Palaeozoic time (4 chai>8.). Late Palasozoio time (6 chaps.), 
the Mesozoic ora (5 cliaps.}, and the Conozoic ora (3 chaps.). The mode 
of presentation in each section is to describe the rocks and physical history 
of the formations that comprise the era dealt with, and then to discuss the 
life of the era as a whole. Valuable summaries of Palaeozoic and Mesozoic 
history and life forms are given. 

The literary style of the book is concise and lucid, and much use is 
made of quotations from older works. By running to a fourth edition this 
text-book, which was first published in 1916, has proved its usefubiess to 
the class of students it was designed to reach. Its subtitle is: '' With 
Special Reference to North America,’* emd the book thus appeals more to 
students in the New tham in the Old World. Nevertheless, the general 
stratigraphical and historical matter, for which the stratigraphy of North 
America affords tlio detailed background, is so well arranged and so excel¬ 
lently illustrated, that British students would find profitable reading in the 
book. 

G. W. T. 


OutlinM of Hiatorioal Gfroology. By C. Sohuchbrt and C. O. Dunbar. 
Third edition. [Pp. vi + 241, with frontispiece and 151 figures.] 
(New York : John Wiley A S<ms, Ino.; London ; Chapman A Hall, 
Ltd., 1937. 12s. 6d. net.) 

Thb third edition of this well-known elementaiy text-book which is based 
on the authors’ larger volume on Historical Geology published in 1933, 
has been completely rewritten and rearranged, so as to give the student, 
in one brief course, a general survey of the history of the earth. 

The systematic treatment of the subject, period by period, has been 
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abandoned in this edition, since the student is intended only to obtain 
“ glimpses of the vast panorama.’* “ Ho needs a telescope rather than a 
microscope, with which to gain, from a distance, a view that lias depth and 
perspective, rather than detail.” To further this aim the book is written 
in an easy popular style, and is replete with well-chosen illustrations. For 
instance, the first chapter begins with an engrossing description of the 
carcass of the woolly mammoth, which was discovered preserved, with flesh 
and entrails still fresh, in the natural cold storage of the frozen Siberian 
swamp. 

Part I—” The Nature of the Kvidoncje ”—(jontains throe chapters on 
” A Living Kocord of the Dead,” ” Tlio Record in the Rocks,” and ” The 
Scale of Geologic Time.” In Part II—” Earth’s Changing Features ”—is 
given a continuous story of the physical history of the earth in five chapters. 
The concomitiint history of life on the earth follows in Part III—” The 
Pageant of Life ”—with throf) chapters. The fascinating story ends with 
Part IV—” The Coming of Man ”—in one chapter. 

We can foresee this almost ideal text-book converting a large number 
of students to an enthusiastic lifelong interest in the science of geology. 

G. W. T. 

The Petrology of the Sedimentary Rocks. By F. H. Hatch, O.B.E., 
Ph.D., and R. H. Rastall, M.A., So.D. Third edition, revised by 
Maukice Black, M.A. [Pp. 383, with 75 figures.] (London ; George 
Allen & Unwin, Ltd., 1938. Ids. net.) 

Thb last edition of Hatch and RastalFs Petrology of the Sedimentary Rocks 
was published fifteen years ago. The present edition, while mainly following 
the lines laid down in the original work, has been completely revised, and 
largely rewritten by Mr. Maurice Block. The changes are so numerous and 
BO drastic that the work must be treated as new. In particular, the chapters 
on the metamorpbism of sediments which were deemed necessary in the 
earlier edition have been omitted. 

An introductory chapter deals with the environments of deposition and 
with the influence of climate on sedimentation, while the second chapter 
treats clearly of the origin and classification of sedimentary deposits. There¬ 
after, successive chapters deal respectively with Fragmental Deposits; 
Rudaoeous Deposits ; Arenaceous Deposits ; Argillaceous Deposits ; Ferri¬ 
ferous Deposits ; Calcareous Deposits—Limestones ; Calcareous Deposits— 
Magnesian Limestones and Dolomites; Organic and Diagenetic Siliceous 
Deposits ; Chemical Deposits ; Carbonaceous Deposits ; Phosphatio De¬ 
posits ; Pyroclastic Deposits ; Deposits of Modem Oceans ; Diagenesis and 
Belated Processes ; Weathering, Residual Deposits and Soils. On the whole 
these chapters are very well done, the latest information has been utilised, 
and the topics have b^n illxistrated by many quite new and unhackneyed 
figures. Mr. Black’s recent research work has ensured an excellent and 
original chapter on the Deposits of Modem Oceans. 

The only points of criticism that occur to the Reviewer are that grey- 
wackes are rather inadequately treated, being only accorded a passing 
mention, although these rocks, so common especially in Lower Palasozoio 
formations, are at least as important as arkoses, the description of which 
occupies two pages. Silt and siltstone, likewise, althouj^ only little less 
important than sand and sandstone, or clay and shale, are barely mentioned* 
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In the treatment of oarbonaoeoue depositB, Hioklmg*B recent work seems 
to have been largely overlooked. 

But these are merely small blemishes in an excellent piece of work, on 
which the author is to be cordially congratulated. His book will remain 
the standard text on the petrology of sedimentary rocks for a long time. 
The value of the work is enhanced by a comprehensive bibliography and 
a full index. 

G. W. T. 

Field Teste lor Minerals. By E. H. Davison, B.Sc., F.G.S. [Pp. 
viii -f 60. with 12 plates and 3 figures.] (London : Chapman & 
Hall. Ltd., 1937. 7^. 6d. net.) 

Many books on methods of mineral determination have been published, 
but that of the hood of the Department of Geology and Mineralogy at the 
Camborne School of Minos is different. The tests described are of three 
typos : namely, the ordinary blowpipe tests ; “ spot ** tests, which are 

reactions between a solution of the mineral and an organic reagent which 
result in the production of a characteristic colour or precipitate; and 
micro-chemical tests. The Reviewer admits that the “ spot ’* tests are 
new to him. The only point that occurs to him is that some of the more 
unusual organic reagents mentioned may bo difficult to procure. 

The second part of the work deals with the determination of minerals 
in hand-specimens by their physical properties, and follows familiar lines. 
A set of determinative tables based on physical properties concludes the 
book. The second part is illustrated by twelve beautiful plates of mineral 
structures. 

The tests are designed for easy and rapid application in the field ; and 
the prospector, of course, requires a portable apparatus for the numerous 
reagents and implements that are needed. The book is bound in flexible 
covers, but is a trifle large for the pocket. This is one of the best books 
we have seen on the subject. 

G. W. T. 


BOTANY 

Verglaichende Morphologic dor hoheren Pflanaen. Band I: 
Vegetationaorgana. 1. Tail, 3. Lieferung. Von Dr. WimELsc 
Troll. [Pp. xii -h 446, with 868 flgures.] (Berlin; Qebriider 
Bomtraeger, 1937. BM.39.60.) 

This number completes the first part of Volume I of this work which is 
concerned with the vegetative organs. The present part is mainly devoted 
to the branch systems of the seed plants, to their symmetry relations and 
growth forms ; to orthotropous and plagiotropous shoot systems and storage 
organs; to twining plants and those climbing by means of tendrils, and 
also to the morphology of stem-succulents. 

Like the previous parts issued, the work is profusely illustrated with 
photographic reproductions, drawings, and diagrams, which materially add 
to the utility of this comprehensive treatment. The subject matter is too 
diverse to permit of any detailed consideration, but particular attention 
may be called to the section on subootyledonary branching, aa exhibited, 
for example, in the genera lAmria and Euphorbia and in the Orobanchaceie 
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aond BalanophoraoesB; also to the section on storage organs which is a 
particularly useful summary of an interesting topic. 

The bibliography of 660 references which concludes the part is a useful 
guide to the literature of the subject and is indicative of the thoroughness 
of the treatment. 

E. J. S. 

Farm and Garden Seeds. By S. P. Mekcer, B.Sc.(Agric.), N.D.A. 
With a Section on the Seeds Act, 1920, by A. W. Monbo, C.B. Agri¬ 
cultural and Horticultural Handbooks. [Pp. 206, with 14 plates 
and 4 figures.] (London: Crosby Lockwood & Son, Ltd., 1988; 
10s. 6d. net.) 

This work comprises an elementary account of the nature of seeds, followed 
by a short consideration of commercial seed production, methods of seed 
cleaning and seed testing. 

The most important and generally useful section is the illustrated account 
of the commoner crop and weed seeds, which is accompanied by fourteen 
plates in which are figured 129 varieties of “ seeds.** Data are £umishe<l 
in the text as to the characteristics of the various seeds, but it would have 
added to the utility of the plates if the respective magnifications had been 
appended to the figure descriptions. The fifth and final chapter by A, W. 
Monro is concerned with the provisions of the Seeds Act of 1920 and its 
administration. 

It is a book for farmers, gardeners and horticulturists, rather than for 
the more technical student, but contains a considerable amoimt of informa¬ 
tion that the last named may find useful. 

E. J. S. 

Timber : lie Strucixire and Properties. By H. E. Dksch, P.A.S.I., 
B.Sc., M.A, [Pp. xxii -f- 109, with 90 figures, including 27 plates.] 
(London : Macmillan A Co., Ltd., 1938. 12^. 6d. net.) 

To the user of timber much recent research on wood, even if comprehensible, 
must appear detached and of doubtful value ; such a state of affairs, however 
regrettable, is inevitable ; papers are often so specialised that their signifi¬ 
cance is lost on all but a specialist. The author, himself an active investi¬ 
gator, is fiilly aware of this position, emd has been convinced that a summary 
of such work, giving, in effect, a r^um6 of our present knowledge of wood, 
in language intelligible to the layman, would prove of value to the user 
of timber, to the architect, the contractor, and others. The result is a 
readable, well-iUustrated book, treating of the properties and structure of 
wood and such topics as seasoning, defects, preservation and grading. 

On the biological side the book is not entirely free from loose and 
inaccurate statements, as, for example, the reference to woodlioe as iziBeots, 
and the statement that most herbs produce seeds in a single season. Bear¬ 
ing in mind the object of the book, it may, perhaps, be objected that an 
undue proportion is devoted to wood structure, although, in fact, structure 
appears to be more prominent than it really is because of the lavish manner 
in which this part of the book is illustrated. Moreover, this section should 
appeal to the botanist, who will discover therein some useful information 
on the structure of the secondary xylem. 


F. W. J. 
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Theory aad Prmctioa in tli« Ubb of Fertilisers. By Firman E. 
Bbab, Ph.D. Saoond edition. [Pp. x + 360, with 63 figures.] (New 
York : John Wiley A 8om, Ino.; London: Chapman A Hall, Ltd., 
1938. 20«. net.) 

Books on fertilisers are none too common, and the second edition of Dr. 
Bear's book is therefore very welcome. Much of the book has been re¬ 
written and a quantity of new material has been incorporated and a chapter 
added on the subject of rare elements and trace elements as he calls them 
in plant nutrition. An attempt is made to cover the whole aspect of the 
nutrition of crop plants in so far as it is related to the soil. 

It is a difficult matter to write a treatise on this subject and at the same 
time one which is readable. Dr. Bear has succeeded in this task—and 
although he has often included either masses of expehmental detail or many 
statistics of fertiliser production, he has produced a book which not only is 
full of detail interesting and important to the student, but which also presents 
an interesting and connected whole. 

The subject is introduced historically and a clear account is given of the 
early views on the sources of nitrogen in vegetation and of the mineral theory. 
The views of Whitney and Cameron are given in some detail and are inter¬ 
esting reading in view of the anti-erosion and anti-deterioration work now 
so much in the public eye. 

In some respects the chapters dealing with nitrogen and mineral economy 
in soils are the most interesting, though they might have included more as 
to the effect of climate and through climate of the natural vegetation upon 
nitrogen and mineral status. It is only now coming to be realised how 
highly artificial most agricultural soils are, and how much greater are the 
demands which cigriculture makes on them than was made by their natural 
vegetation. This surely is and must remain the basis of all fertiliser practice. 
It is imfortunate that the selected references at the end of each chapter have 
not been kept up to date. 

The book is profusely illustrated in the American manner, but the illustra¬ 
tions are poor and often unnecessary. A smaller number of really useful 
illustrations would have served the piirpose better. 

No doubt the idea of including portraits of distinguished scientists at 
the beginning of each chapter will appeal to many—and it may be that the 
portraits of the earlier authorities are satisfactory, but those of living men 
are in some cases little more than caricatures. 

These are after all minor defects and it is no small achievement to have 
written an important and readable book on this subject, and one which 
should prove of great value to student and teacher alike. 

C. G. T. M. 

ZOOLOGY 

An Xntroduotion to Fliyaieal Anthropology. By E. P. Stibbr, 
F.R,C.S. Second edition. With an Appendix by W. A. M. Smart, 
M.B„ B.S., B.So. [Pp. viii 4* 230, with 66 figures.] (London: 
Edward Arnold A Co,, 1938. 10s, 6d, net.) 

Tkb first edition of this book was published in 1930. It is satisfactory to 
see that eight years has required;# second edition. The general form has 
not been idtered, but some additions have been made to the chapters dealing 
with the oomparative anatomy of the primates. A note has b^n added to 
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human foBsilB, dealing with Sinanthropus, and there m an additional appendix 
on mathematioal methods. It is perhaps somewhat unfortunate that in 
the latter the examples have been measured in inches and either to one- 
eighth or one-sixteenth of an inch. The practice of the majority of anthro¬ 
pologists for many years now has been to use the metric system, both for 
the infinite advantages from the point of view of computation and also to 
allow comparisons with continental workers. The transference of inches to 
millimetres is apt to introduce errors, quite apart from the unnecessary 
labour involved. Further, the majority of instruments to-day are no longer 
calibrated in inches. It is to be hoped that should any further edition bo 
called for that the metric system will be adopted. No mention is made of 
the coefficient of racial likeness. So much work has been done m the lost 
fifteen years or so with this coefilcient, wliose somewhat intricate character 
is puzzling to the uninitiated, that a mention at least should be made in any 
introduction to physical anthropology. If the author does not like it, and 
many do not, surely it should be fairly criticised and not just passed over in 
silence. The instructions for measuring remain rather inadequate and more 
precise definitions might well be given. 

L. H. D. B. 

MEDICINE 

Studies on the Physiology of the'Eye. 8till Reaction, Sleep, Dreams, 
Hibernation, Repression, H 3 qmoBis, Narcosis, Coma and Allied Con¬ 
ditions. By J. Gbandsok Bybnx. Re-issue with Supplement and 
new Index. [Pp. xii -f- 440, with 48 figures.] (London: H. K. 
Lewis & Co., Ltd., 1938. 40s. net.) 

Onx cannot help being impressed by the immense amoimt of care, attention 
to detail, work and thought which have made Mr. Byrne’s book possible. This 
work is well written and illustrated, but it is so full of material that the book 
requires much thought and careful reading to appreciate its true value. 

The first part of this volume is devoted to the paradoxical pupil phenomena 
following lesions of the afferent paths ; it deals in detail with the literature 
on the subject and gives much experimental evidence and discussion on the 
cause of these phenomena, and points out the value of this subject clinically. 
Tlie interpretation of inequality of the pupils, and of changes in reaction, 
are of great importance in many clinical conditions, and many of the causes 
mentioned by Mr. Byrne are not often appreciated to their full extent by 
the clinician. 

The second part of this book, although of interest to the ophthalmologist, 
is not on the whole of such practical importance ; but it is of greater import¬ 
ance for the netirologist, and we might bring to the notice of anfiesthetists 
the section dealing with the sequence of phenomena occurring during 
ansQsthesia. 

The method of paradoxical widening and narrowing of the lens and the 
theory that the ciliary muscle consists of two cmtagonistic parts, one of which 
actuates accommodation for distance and the other accommodation for near¬ 
ness, together with the retractor and proptosing mechanism of the eye, may 
throw some light on the clinical conditions of errors of accommodation and 
convergence, resulting in squint, etc. 

The third part of this volume deals with stimulation experiments testing 
the results obtained, and determining the extent of recqirooal innervation 
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between the affectivo-sympathetic meohaniams and the critical proprio* 
oeptive para-aympathetic mechanisms. 

The fourth part deals with the little-known reactions of the pupils during 
sleep, coma, etc. Tlie inherent constrictor tonus mechanism is discussed, 
which is of importance clinically, as it plays a role in various pathological 
conditions such as miosis, anisocoria, Argyll-Robertson pupil, etc. 

The interesting condition of “ feigning death,” which occurs in certain 
insects and animals when frightened, together with hibernation, hypnosis 
and sleep are discussed, and the physiological explanation and the physio¬ 
logical state during these conditions are put forward in an interesting manner. 

The last two chapters of this book are devoted to the pupillary reactions 
to light and the mechanism of accommodation. The author has performed 
much experimental work on this section and has brought forward some new 
factors for consideration. He again deals in detail with the theory of the 
mechanism of accommodation as mentioned previously and it certainly 
explains the deficiencies in the other existing theories. 

The supplement deals with the effect of cortical stimulation on the 
mechanisms mediating movements of the iris and membrana tymponi. 

We would like to congratulate Mr. Byrne on this interesting and pains¬ 
taking work. 

E. E. Cass. 

The Cause of Cancer. By David Beownue, B.Sc., F.C.S. [Pp. 
viii -f- 208.] (London : Chapman & Hall, Ltd., 1938. 7«. 6d. net.) 

Tkb author of this little book is an organic chemist and experienced fuel 
technologist, and it is doubtful if he is really qualified to enter this field of 
enquiry where so many biologists liave worked with so little success. 

Surely the title is premature. Starting with the well-accepted and 
readily demonstrated fact that certain organic products, such as tar and 
soot resulting from high temperature decomposition of carbonaceous materials 
(such as bituminous coal, and petroleum oil used in manufacture of car- 
buretted water gas) ccin produce malignant growtlis in experimental animals, 
it is legitimate and perliaps a true scientific deduction to consider that traces 
of the carcinogenic substances are present, not only in coal tar fractions, 
but also in most towns* gas—and also in smoked foods. 

Is it possible that from the use of gas ovens where food in the process of 
cooking is exposed to and penetrated by these poisonous substances we ora 
every day in contact with cancer-producing influence—^d especially by 
the inhalation of virulent dust particles from the tarred motor roads ? Truly 
the modem combustion of towns* gas has increased enormously, as shown 
by Mr. Brownlie*8 figures, and gas ovens and tarred roods are relatively quite 
modem developments ; it would be interesting to know if there is any positive 
correlation between the advent and increase of these civilised amenities and 
the increase of cancer among the community. 

P. J. 


Cbemistr^r of tlio Brain. By Ibvine H. Page, A.B.(Chem.), M.D. 
[Pp. xviii + 444, with 2 figures.] (Baltimore : Cliarles C. Thomas ; 
London: Bailii4re, Tindall & Cox, 1987. 84s. net.) 

Ik some respects of its oh^nioal composition and behaviour, brain and nerves 
resemble closely liver and muscle and other living tissues j in other ways. 
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they exhibit striking contrasts. In either case, an adequate discussion 
of the chemistry of the brain involves some account of the present position 
of our knowledge of the chemistry of animal organisms in general. This 
is evidently the chief reason why the present volume, although entitled 
Chemistry of the Brainy presents a picture, and a very interesting picture, of 
modem animal biochemistry as a whole. A second reason, no doubt, is the 
vivid interest which the author obviously takes in all fields of knowledge 
related to that in which he has himself principally specialised. It is char- 
acteristio of the book that it begins with a chapter on the life and work of 
Thudichum, that amazing and unappreciated genius, who laid the foundor 
tions of our present knowledge of the chemistry of the brain—a most inter¬ 
esting and fascinating chapter—and ends #ith one on the relation of brain 
to thought, a chapter also interesting and fascinating, though in an entirely 
different way. The book, though not exactly for “ the man in the street,” 
makes very good reading for the biochemist and for others who have a 
general knowledge of biochemistry. It contains many facts and discusses 
many difficult problems. Amongst its chapters is one by Dr. J. H. Quastel 
which deals at considerable length with the subject of oxidation in brain 
tissue. Dr. Page has evidently spared no effort to make this book accurate 
and comprehensive. As is to be expected, considerable prominence is given 
to the chemical findings in abnormal mental conditions. The resulting 
impression is that of an assortment of detailed facts, which are still for the 
most part unrelated to each other and to the root causes of the disturbance. 
But this, after all, only emphasises how incomplete and how mdimentary 
our knowledge of the chemistry of brain and nerve really is, and how great 
the need for the intensiffed prosecution of work of this kind. The present 
volume is a real contribution to this end, for it summarises the present posi¬ 
tion, and brings together in an interesting, attractive and even inspiring 
form, a comprehensive array of facts and references. This is a most valuable 
book, and can be heartily recommended to all biochemists, as well as to 
physicians and psychiatrists acquainted with the language of chemistry. 

W. O. K. 


The Essentiale of Human £xnhryolog 7 . By Gidbok S. Dodds, Ph.D. 
Second edition. [Pp. x -f 310, with 182 figures.] (Now York: 
John Wiley & Sons, Inc.; London: Chapman & Hall, Ltd., 1938. 
20s. net.) 

The preparation of a new edition of this work is much to be welcomed, as 
a convenient handbook of the more important facts of mammalian and 
especially human development. The descriptions and figures ore clear, and 
the work, unencumbered by detailed theoretical considerations,should be parti¬ 
cularly useful to medical students, as well as to anatomists and morphologists. 

G. R, DE. B. 


HISTORY OF SCIENCE 

HeweliuE, Flamateed and HaUej: Thraa Contemporary Aetro* 
nomere and their Mutual Relatione. By Eugene FAmnELO 
MacPikb, F.R.A.S. [Pp. x -f 140, with 4 plates, and one facsimile.] 
(London: Taylor A Francis, Ltd., 1937. 12s. net.) 

Me. £. F. MAoPnPB will be remembered for his scholarly edition of the 
Correspondence emd Papers of Edmond HaUey, published in 1932. In the 



BSVIfiWS 


605 

present work he has linked Halley with two other distinguished observers of 
the Newtonian age—Johannes Hevelius and John Flamsteed. The first 
three chapters of his book briefly trace the careers of the three astronomers 
in turn ; and the concluding fourth chapter shows how their destinies were 
interwoven. 

Of the throe men, Hevelius is the least known to English readers, aixd the 
material for his biography is relatively inaccessible. He was a wealthy 
Danzig brewer, who built and equipped an observatory on the roof of his 
house, and who described his instruments and observations in beautifully 
illustrated books of his own production. The careers of Flamsteed, our 
first Astronomer Royal, and of Halley, his successor at Greenwich, make 
more familiar reading ; though hero, too, the author is able to include some 
interesting information from recently published sources, such as Hooke's 
Diary, The closing chapter describes how Hevelius was brought into touch 
with the English astronomers through a controversy as to the advantfkges 
of telescopic sights, and how the same dispute led to Halley's visiting the 
Danzig observatory. It tells also of the early friendship of Flamsteed with 
Newton and Halley, and of the tmhappy feud which ruined it. The book 
is illustrated with portraits of the three astronomers, and of Hevelius* second 
wife, Elisabeth, who assisted her husband in his observations. 

Mr. MacPiko has had considerable assistance from the Royal Society 
Librarians, Mr. A. H. White and Mr. H. W. Robinson, who carefully revised 
his manuscript before its publication. The work may be warmly recom¬ 
mended to students of the history of astronomy, and to others interested in 
the brilliant period with which it deals. It contains a wealth of carefully 
sifted biographical information, with full references and appendices which 
constitute a valuable guide to the original sources, printed or in manuscript. 

Two slips only have been noticed : the number 964,500 on p. 66 (line 
28) needs another cipher ; and the date of Gassendi's Life of Tycho Brahe, 
mentioned on p. 94 (footnote 3), should be 1664. ^ ^ 

A Hundred Years of Chemistry. By Aijcxandeb Findlay. The 
Hundred Years Series. [Pp. 362, with 11 figures.] (London ; Gerald 
Duckworth A Co., Ltd., 1937. 16s. net.) 

In this book, recently added to Messrs. Duckworth's “ Hundred Years 
Series," Prof. Findlay describes the development of chemistry during the last 
hundred years, more especially from the time of Liebig and W6hler, and their 
classic memoir of 1832 on the radical of benzoic acid, a research upon the 
historical significance of which he very properly lays considerable emphasis 
as marking the beginning of a new period in organic chemistry and the first 
solid foundation of a theory of organic compounds. Procecnling from a 
general outline of the historioal badkground of chemistry, from Lavoisier 
through Dalton, Berzelius and Avogadro, Prof. Findlay proceeds to deal 
historically with the development of organic chemistry from 1835 to 1865, 
the determination of atmnic weights, the classification of the elements, stereo¬ 
chemistry, physical chemistry in the nineteenth century, organic chemistiy 
in the second half of the nineteenth century, the chemical industry based on 
coal tar, the constitution and synthesis of naturally occurring compounds, 
the discovery of new elements, the rare gases, radioactivity and atomic con- 
8titation» physical chemistry in the twentieth century and the development 
of industrial chemistry. His large canvas includes just the right amount of 
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detail for such an extensive scene ; few readers will fail to profit from so able 
a survey of a century of chemistry, and no reader will rise from the book 
without being conscious that its author has conveyed to him a vivid im* 
pression of the vitality of the science during tliis period and something of its 
spirit as a living, growing thiAg. The biographical notes at the end of the 
book provide useful information about some of the great chemists of the 
past; and detailed references to the classical papers are given in each chapter. 
It might be noted that “ Charles ” (p. 162) should read “ Christopher.** The 
book can be thoroughly recommended : it provides the right kind of historical 
background for on immediate appreciation of chemistry in its present phase. 

D. MoKib. 

Famous American Men of Science. By J. G. Cbowthbb. [Pp. 414, 
with frontispiece and 11 plates.] (London : Martin Seeker & Warburg, 
Ltd., 1937. 16«. net.) 

De. Ceowther presents here a study of the lives and scientific achievements 
of four famous American scientists, namely, Franklin. Henry, Gibbs and 
Edison. His work is inspired by the belief that the problems severally 
investigated by his subjects are related to the social needs and conditions 
of their place and time. We are therefore offered explanations of why 
Franklin developed the theory of frictional electricity, why Henry invented 
the large elec^tromagnet and founded the Smithsonian Institution, why 
Gibbs studied the theory of heat and “ created the theoretical basis of physical 
chemistry,’* and why Edison produced his many inventions. The causes, 
according to the author, ore to be sought in the needs and conditions of 
their contemporary American life. In other words, we have here a further 
application of the ideas expressed by Prof. Hessen in his Social and Economic 
Boots of Newton^s “ Principia,** .Auid so far, so good : the influences from 
economic life, from social needs and circumstances, are clearly factors in 
the development of science. But Prof. G. N. Clark has recently shown in 
his Science and Social Welfare in the Age of Newton tliat these factors are 
inadequate for a complete explanation. It is perhaps unfortunate that Dr. 
Crowther’s interesting book should have appeared at this time, because the 
industrious and valuable research that lias obviously gone to its making 
may be overlooked in the current criticism of the thesis that inspires it. 
Tho book can be well recommended for the thoroughness with which the 
author has amassed so many facts and detaib ; and, in this respect, it should 


have a permanent vedue. 


D. MoKib, 


MISCELLANEOUS 

Under the Pole Star : The Oxford University Arctic Expedition, 
1936-6. By A. R. Gi: 4EN, assisted by N. A. C. CEorr. [Pp. xvi -f 366, 
with 48 plates, 4 figures and 18 maps.] (London : Methuen & Go., 
Ltd., 1937. 25s. net.) 

This book is an account of the Oxford University Expedition 1935-6 to 
North-East Land. In the preface the author makes mention of the fact 
that many tales of low temperature and howling blixsEords have been written 
before. This fact, so honestly admitted, is not swept aside by scientiflo 
matter but by the interactions between the members of the party and in 
noting the effect of the changing environment upon the party collectively 
and individually. 
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It ig then a peroonal account and by following this method the diversity 
of the tasks and operations are kritted together. This feature is well illus¬ 
trated in “ In the Beginning ** and in the chance meeting of two pairs (p. 
246 et 8tq,). Not only is there much detailed information concerning equip¬ 
ment, dogs, and the work of the various parties but there is also a wealth 
of amusing incidents—cooking diversions in a food shortage (p. 259) and in 
the epic fox hunt (p. 163). 

The importance of establishing stations on the ice cap is stressed. Two 
stations were chipped “ passage by passage, room by room, out of the one 
thing nature had provided.” At one station. Central Ice Cap, 40 tons of 
ice were removed during its construction. In this way a warm and comfort¬ 
able house in tlie ice was obtained even though outside there might be a 
100 m.p.h. wind or 70*^ of frost. 

There is also a very interesting account of the undergroimd grotto, cavern 
and tliree tunnel systems where they found water 70 feet below the surface 
in the coldest month of the year; not a little but himdreds of gallons evi¬ 
dently never frozen. 

A very brief description of the scientific work accomplished is given 
but there is no attempt to anticipate the value of this part of their work. 

Appendix I deals with the financial aspect of the expedition and it is 
remarkable that one so well planned and with so full a programme could 
be carried out at such a small cost. 

Tliere are nearly fifty beautiful photographic illustrations as well as an 
adequate number of sketch-maps, of which the last one is a summary of all 
the routes, land and sea, followed by the expedition. A folding map and 
an index complete this work, which by the richness of its narrative, its human 
appeal and its excellent illustrations will be appreciated by a wide circle 
of readers. 

J. E, COLECLOUOH. 

Land of Ice and Fire. By ILlks Aulmaitn. Translated by Kijibbs 
and Herbbrt Lbwbb. [Pp. xvi + 271, with 16 plates and 1 map.] 
(London: Kegan Paul, Trench, Trubner & Co., Ltd., 1938. 129.6d. net.) 

Ik this admirable book, illustrated with well-chosen photographs and excel¬ 
lently translated from the Swedish original. Prof. Ahlmann of the University 
of Stockholm portrays in a most fascinating manner the life and indefinable 
atmosphere of prosent-day Iceland. The vegetation and flowering fields, 
the grey-brown streams, the mountain walls of black lava, the inhabitants 
and their hard struggle with an inhospitable Nature, form the components 
of a motley picture which is here graphically described with enough of his¬ 
torical material, legend and tradition to excite the appetite for more. 

The first half of the book is an account of an expedition led by Prof. 
Ahlmann in 1936 with dog-teams to the ecustem part of the Vatna Jdkull, 
Iceland’s biggest glacier. The mountains and rounded hills are drowned in 
a vast mass of ice which expands to the north into a central plateau as empty 
of life as a desert. Tlie second half describes a journey by horse and motor¬ 
car over the coastal belt south of the glacier, a naked and inhospitable land¬ 
scape of smooth, dark aandur which is crossed by fierce rivers and stretches 
down to a monotonous shore of sand and gravel. Lonely farms and isolated 
pslKshes of cultivated land alone interrupt the bleak sterility. 

An appendix of some twenty pages gives a popular account of some of 



SCISKCS PBOGBBSS 


the glaciological results of the first part of the expedition's soientifio labours. 
From aocurate measurements, partly obtained in deep artificial pits in the 
snow, the expedition learned for the first time the factors which decide the 
movement of this glacier and the fiuctuating volume of its glacier-streams, 
as well as the rate of ablation which is found to be much greater than had 
previously been thought possible. 

Interesting evidence is also given of the post-glacial warm period in Ice¬ 
land, when the sea was tenanted with cockle-shells, not now found in Icelandic 
waters, and lime trees of powerful growth lived in the coimtry. 

If the book has little to say about Iceland's Fire, save for the very inter¬ 
esting Johulhlaup (disastrous fioods occasioned by volcanic eruptions beneath 
the glaciers), its vivid descriptions of the ice move us to ask for another 
book of this kind fix>m Prof. Ahlmann's pen. J K C 

The Universe Surveyed. By Habold Richards. [Pp. xviii «f 72^, 
with 94 figures.] (London: Kcgan Paul, Trench, Trubnor & Oo., 
Ltd., 1938. 12s. 6d. net.) 

“ The speed of the earth ... is 18*5 miles per second, a very creditable 
rate for this old earth to be moving. Figure how far you go while reading 
this page." Such lively injunctions are characteristic of the way in which 
Prof. H. Richards presents the basic ideas of chemistry, physics, geology 
and astronomy in his book The Univeree Surveyed, The layman with a 
taste for science cannot fail to find this book ideally suited to his aspirations. 
Against a vivid historical background the progress of science and its many 
protagonists come to life and the masterly fashion with which abstract ideas 
are " put across " camiot fail to evoke the admiration of those whose pro¬ 
fession it is "to gild the philosophic pill." 

Quite apart from the many excellent photographs, the delightful black- 
and-white illustrations by Mr. Burk Sauls have a unique illustrative value: 
the cartoon which shows why the stars rise four minutes earlier each night 
is a characteristic example. The way in which Archimedes* principle is 
whimsically demonstrated at the bathing-place with the help of a spring- 
balance, a personal weighing-machine, the diving-board and a friend in a 
bathing-dress would hold anyone's interest: it has certainly stimulated the 
Reviewer to try the actual experiment in vivo. 

When we put down this book for the last time it is with a sense of having 
travelled far through exciting foreign lands with the perfect travelling com¬ 
panion : we have surveyed the luiiverse and found pleasure and profit in 
our widened horizon. 

For those readers who delight to quizz themselves (or their friends) the 
book concludes with a series of 850 questions entitled a True-False Review. 
Some few are childishly simple : others are like this :—" The result of the 
Michelson-Morley experiment indicates that one star, no matter how fast 
it travelled away from another star, could not avoid being overtaken by 
the light radiated towards it by the second.” U 


The Microscope : Theory and Practice. By Ck>NRAD Bbck, C.B.E. 
[Pp. 264, with 217 figures.] (London: R. A J. Beck, Ltd., 1936, 
7s. 6d. net.) 

In recent years books on the use of the microscope have not been numerous, 
perhaps because it was thought that the story had been told so well that 
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little could be added. There ia some truth in such an assumption as the 
complete treatises produced durirg the latter part of the last century may 
still be regarded as reliable works of reference. The book by Mr. Beck is, 
however, in a different category. It has been produced because the author 
is in an unusually favourable position to hear of the difficulties encountered 
by microscope users, amateur or professional, export or novice, and has 
inade a serious effort to meet their troubles. It follows, therefore, that the 
reader is provided with a treatise which is lucid in style, practical in its 
intention, and a sure guide to the use of the microscope in most of its applica> 
tions. This does not mean that theory is neglected, for in fact the author 
has treated this side of the subject clearly and without needless teohnioalities. 
The optical theory of the microscope is often dealt with by those who have 
little knowledge or experience of its practical applications. This cannot 
bo said of Mr. Beck’s book ; it is written for users of the instrument, and 
yet there are ft?w who are so competent to deid with its theoretical aspects. 
It is indicated in the preface that some chapters may be omitted, and this 
is certainly a valuable hint for the novice, although most readers will benefit 
by careful reading of the whole book. In general, a clear explanation is 
provided of things a microscopist must know if he is to make good use of 
his apparatus and rightly interpret what ho sees. J E B 

National Fitness. Edited by F. Lb Gkos Clark, B.A. With a Foreword 
by Maj.-Gen. Sir Robert McCarrison, C.I.E., M.D., D.Sc., LL.D., 
F.R.C.P. [Pp. xii 222.] (London: Macmillan & Co., Ltd., 1938. 
6jf. net.) 

Ik his foreword Sir Robert tells us there is small chance of our becoming an 
A 1 nation until we have admitted the true causes of our physical insufficiency, 
the chiefest of which is faulty nutrition, the result “ of poverty, ignorance, 
prejudice, indifference cuid indulgence.” Among the difficulties of solving 
this problem is the absence of norms wherewith to compare observed measure¬ 
ments and to determine the degree of deviation from some standckrd health 
index. 

The report of the American Child Health Association is based on the 
examination of over 10,000 children of different social and economic status. 
Statistical analysis of this material allowed the measurements to be reduced 
to seven—^hip width, chest depth, chest width, height, weight, arm girth, 
and the thickness of subcutaneous fat over the upper arm ; these were further 
simplified to three, (1) arm girth, (2) chest depth, (3) hip width; together 
these comprise an index termed the ” A.C.H.” index. This seems to offer 
a sound method of assessing the physique of groups of children between the 
ages of six and thirteen. These physical measurements however, though 
informing as to quantity, tell nothing about the quality of the tissue—for 
whioh it is necessary to employ some functional tests; forcibly pulling 
against the spring of a dynamometer in part vitiated by ” knack ” and 
general bodily proportions; or Idagee’s test requiring a child to stand erect 
with eyes slmt and toes together; a normal and healthy child should be 
able to stand still in this way for a quarter of an hour without fatigue; 
ohildren of poor physique seldom for more than 10 minutes. A further 
functional test is ” the vital oapcMuty ” estimation using a spirometer, which 
may provide useful information about the extent of affections of the lungs 
such as tuberculosis. 

RR 
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Examination of the blood gives most sensitive indications of diet deficiency 
and nutritional anismia. Continuous records of growth arc most valuable ; 
retarded or arrested growth gives immediate indications of nutritional errors. 

Data of a mixed population are available showing the average rate of 
growth in children of both sexes with which tlie growth curve of children 
under observation can be compared. 

A useful corrective of the error of passing the not obviously defective 
child as normal is to estimate its capacity for improvement; is the child likely 
to improve if all the faults of habit and environment are corrected ? If so, 
a verdict of defectiveness must be recorded. 

Communal fitness is the product not of man alone but of man in relation 
to the natural world about him. He needs space, sunlight, €ur and an 
adequate and varied supply of food. His physical and spiritual destiny is so 
closely bound up with the external world that it would be as absurd to expect 
him to be healthy if deprived of his internal secretions as it is when we interfere 
in any degree with his access to vitamins. 

The subject is economic and political. Wo must set before us rigid and 
scientific standards of human normality and make an effort to roar our children 
up to them. 

P. J. 


Heredity and Politics. By J. B. 8 . Haldane, F.R.S. [Pp. 185, with 
16 figures.] (London; George Allen & Unwin, Ltd., 1988. 7s. fid. 

net.) 

This interesting account of some aspects of heredity will appeal to eugenists, 
and perhaps to politioicms. It oonoems the biology of inequality resulting 
from the action of natural and nurtural environment and involves the con¬ 
sideration of many controversial questions which need yet more research 
before their solution is possible. 

The author presents the pedigrees of a number of inherited diseases and 
shortly discusses how far measures of negative eugenics, such as sterilisation, 
would be efficient in stamping out the various abnormalities. Hnmophilics 
mostly die young and beget less than a quarter of the number of children 
produced by their brothers ; therefore there is a tendency for the hsemophilio 
gene to disappear. Roughly one-third of all such abnormal genes are in the 
X chromosomes of men and two-thirds in the X chromosomes of women; 
therefore about a fourth of all the hasmophilic genes are wiped out at each 
generation. Moreover, unless there were some source from which they could be 
replaced, t.e. by mutation, the frequency of haemophilia would be diminiflhed 
by 25 per cent, at each generation. This source was foimd in 6 pedigrees 
where genes for colour blindness and hemophilia were associated in the same 
chromosome. 

Of 053 sons whose fathers had died of cancer, fourteen had developed that 
disease. Of 95,300 men and boys of same ages but taken at random from 
American population 86 would, on an average, have developed cancer. The 
probability, as the result of chance, of finding 14 individuals where 0*85 were 
expected, is about 10^^* or one chance in a million million. On the whole 
we see that the presence of cancer in a near relative increases a person’ 
probability of dying of cancer about ten^fold. It is quite certain that in mice 
end other animals the tendency to spontaneous cancer is largely inherited. 

The author has two strong objections to sterilisation : (1) in oases of men it 
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is a trivial operation ; in women it is as serious as an operation for appendicitis 
—^though probably lees than 1 per cent, will die as a result of the operation— 
but in English law a person’s life must not be endangered except to save him 
from some greater danger. (2) The demand for sterilisation is a symptom of 
a certain state of mind which we may not find “ entirely admirable.” 

It is characteristic that in U.8.A. sterilisation is legal while contraception 
is of very doubtful legality. 

In the cases of hsBinophilia the females who are thought likely to transmit 
it would be sterilised. The males could not be sterilisod* the operation would 
probably kill them and Nature sterilises them already by killing them off 
as children. 

The author asks whether, hod a sterilisation law been in for^^e during the 
nineteenth century, it would have been applied to the reigning monarch and 
her daughters ; and if so, what would Ixave boon the effects on European 
history. 

Prohibition or disoouragemont of the marriage of cousins would cut down 
the incidence of juvenile amaurotic idiocy by some 16 per cent., congenital deaf 
mutism by about 26 per cent., Xeroderma pigmentosum by 60 i)er cent., etc. 
This is the only eugenic measure advocated by the Roman Catholic Church. 

Coming to the question of mental defect, there is a demand that all mental 
defectives should bo sterilised or given the opportunity of being sterilised. It 
is stated that these people are very prolific. As a matter of fact, the more 
serious mental defectives, idiots or imbeciles are not prolific. The feeble 
mindixi are moderately so, though this is exaggerated because a largo propor¬ 
tion of these people arc in institutions whore procreation is not possible. It 
is never possible fi’om a knowledge of a person’s parents to predict with 
certainty that he or she will bo a more or less adequate member of society 
than the majority. Our knowledge of the inheritance of psychological 
characters is insufficient to make predictions of this kind. 

Sterilisation of all mental defectives would cut down the supply of mental 
defectives in the next generation by 10 per cent. (6 to 30 per cent.). But as 
mental deficiency is a legal and not a biological conception, if the legally 
deficient were completely prevented from having progeny, although some 
mental defectives would not be bom, porliaps 10 times as many normal 
children would not come into the world. 

Space does not permit the analysis of the interesting cliapter on differential 
fertility and positive eugenics, and the chapters on the race problem. 

P. J. 

Political Arithmetic: A Symposium of Population Studies. 

Edited by Lakoblot Hogbbn, P.R.S. [Pp. 631, with figures and 
maps.] (London: George Allen A Unwin, Ltd., 1938. 30«. net.) 

This book, edited by Prof. L. Hogben, who contributes two introductory 
essays, is a collection of research papers from his department of Social Biology 
at the London School of Eoonomios. Much has already appeared in the 
appropriate journals; the publishers state that about half the material 
is presented for the first time. 

It is to be regretted that both publisher and editor appear to give a 
misleading impression of the scope of the book. On the cover we are told 
that ^‘The individual chapters . . . deal both with the quantitative and 
qualitative aspects of population growth ”} and again, ” The first part con- 
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teunB an analyeis of the . . . differential fertility of social olassee.*’ The 
editor in the Introduction to Part 11 says, ** The signifioanoe of differential 
fertility with respect to occupation, locality, and income has been dealt with 
in the introduction to the ftrat part and in Chapters III and IV.” He adds 
further, ” The ensuing chapters are primarily concerned with one of two 
differential issues involved in the qualitative aspect of differential fertility.” 

The reader might reasonably expect from these statements that ho would 
find, if not original researches, at least some accoimt of what has been estab¬ 
lished on this important subject; but it should l>e explained that the state¬ 
ments quoted are almost entirely unwarranted. Differential fertility with 
respect to income and its qualitative effects seem both to be topics studiously 
avoided. 

Both the make-up of the book and the prevalent style of the writing are 
expressive of the Editor’s personality. Readers of his previous books will 
anticipate that his estimable capacity for personal conviction is liable to 
express itself in hasty and superficial judgments ; and that his verbal facility, 
uncontrolled by self-criticism, falls too readily into prolixity. As these 
charges may bo thought severe it is necessary to quote ; 

(a) Superficial jtulgmerU 

” The phenomena of differential fertility dispose of the illusion that more 
spending capacity favours a high reproductive capacity. Hence it is not 
likely that any changes in the distribution of spending power by such means 
as family allowances will suffice to re-establish the survival minimum ** 
(p. 38). 

Stripped of unnecessary words, the basis of the argument is that the 
more affluent occupations are less fertile than the loss affluent. It might 
rationally, though not quite securely, be argued from this that a general 
rise in the standard of living, though desirable on other grounds, will not 
improve fertility. The author can scarcely think that fieunily allowances, 
such as those widely used on the Continent, are intended as a means of raising 
the general standard of living. He seems to infer from the differential birth¬ 
rate that the economic or prudential motive for family limitation is com¬ 
pletely ineffectual, whereas, even supposing it wore the only motive for birth 
control, the facts only warrant the inference that remote finanoial considera¬ 
tions are more influential in the middle ranks of society than among the 
poor; and that allowances, on a scale sufficient, by redistiibuting the total 
wages, to equalise the standard of living between parents and non-parents 
doing equivalent work, might materially raise the birth-rate at all income 
levels. Here is a second example: 

” In the light of new evidence derived from the study of twins, conclusions 
about inborn differences based on intelligence test score comparisons of 
different occupational and racial groups have little scientiffc validity ” (p« 333)» 

The new evidence referred to seems to consist of no more than some 
intelligence tests applied by Prof. Hogbon and his assistants to a group of 
twins. The dofa do not appear to differ appreciably from those obtaiiied in 
previous studies. The inferences only are novel, and Prof. Hogben seems 
never to have answered Fraser Roberts’ criticism of his conclusions. Never* 
theless, it seems that all other studies, previous or subsequent, ht^ve In 
Prof. Hogben's opinion ** little scientific validity,” 
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{b) PraUxUy 

The whole book, the eubBtance of whioh could easily liave been presented 
more briefly, is a monument of redundance. The use of unnecessarily preten¬ 
tious words, which impede rather than assist the understanding, has been 
obvious in some of the quotations already given. Here are two more parti¬ 
cular examples: 

“ It is equally necessary to insist that science is not an indiscriminate 
collection of unrecorded facts ” (p. 39). 

In the more usual fomi of this clichi, the facts are said to bo record-ed ; 
oven so, I cannot feel any rc^al necessity for insisting on it. It seems to be 
unrelated to the paragraph in which it occurs. 

The gross reproduction rate is a simple concept of whioh Dr. Kuczynski has 
made good use. It is a short descriptive feature of a system of birth rates 
at each age, deflned by the average number of daughters which women would 
bear, if they did not ever die before the end of the reproductive period. Is 
this idea elucidated by the following explanation by D. V. Glass ? 

“ The signiflcance of this rate in terms of actual replacement can be 
seen by computing from the Life Table for the pt^riod or the region the 
minimmn number of children per woman passing through the agtjs 15 to 49 
necessary for maintaining a net reproduction rate of unity ” (p. 162). 

The book contains two good eB 8 a 3 rs by Kuczynski, I. The International 
Decline of Fertility ** and “ VTI, British Demographers* Opinions on Fertility, 
1660 to 1760,” reprinted from the Annals of Eugenics, Some of the papers 
by Mrs. Hogben (writing as Enid Charles) also deserve notice. In Number II 
(the numbering in the contents does not correspond with tliat of the chapters) 
she describes at length her calculations on the future populations of England 
and Wales and of Scotland on the suppositions (a) that fertility and mortality 
will remain the same as in 1933, and (6) that both continue to fall in a manner 
prescribed by the authoress, but whioh docs not appear to be realistic. No 
mention is made of previous calculations of the same type which have been 
published, but the very serious consequencee inherent in the present low level 
of reproduction in both ooimtries perhaps justifles reiteration, as an attempt 
to bring some of the facts to the Iwowledgo of a wider public. The article is 
clear, and has the great merit of being unpretentious. 

No, m, although ^titled ” DifTerential Fertility in England and Wales 
during the Fast Two Decades,” does not deal with what is generally known as 
differential fertility. It is based on local comparisons worked out on a scale 
appropriate to a blue book, whioh illustrate the well-known contrast between 
town and country. An indirect attempt is made to discuss the effect of 
industry, through the local statistics of different districts in which different 
industries are prevalent, but the immensely important diffbrences associated 
with occupation considered individually, and with grade of emplo 5 mient, 
seem to have been left wholly out of account. The reader must satisfy himself 
with such banal conclusions as that urban surroundings and female employ¬ 
ment are unfavourable to fertility. This is a poor return for laborious and 
conscientious, though perhaps misdirected, labour. The authoress argues 
that the facts presented imply a ffirther substantial fall in fertility, though 
really they have no bearing on this issue. 


B. A. FisaiBB. 
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For the piir])08es of this article, wine will be considered to be the 
product obtained by fermenting the expressed juice of grapes. 
In how far it is reasonable to extend the term to alcoholic liquids 
obtained from other fruits or from grape musts to which additions 
have been made (water, sugar, salts, etc.) may arise in certain cases 
but, broadly 8 j)eaking, wine without qualificaWy remarks is usually 
expected to be fermented grape juice which may, as in the case 
of port, be subsequently fortified by the addition of an alcoholic 
distillate. 

According to the statistics given in Whitaker's Almanack for 
1939, the total world production of wine amounts to 4,000,000,000 
imperial gallons annually; of this amount France produces 
1,160,000,000 and Algeria 336,000,000 gallons, making together 
over one-third of the whole. Next in order come Italy (746), 
Spain (335), Roumania (230) and Portugal, U.S.A. and Argentina 
(each about 176), the figures in brackets referring to millions of 
gallons. This overwhelming proportion of production from Latin 
countries, combined with the strict legal control exercised in France 
to protect one of its chief agricultural industries, justify pre-eminent 
consideration being given to the practice in that coimtry. 

FBRatBNTATION BY YbAST 

The conversion of sugar into alcohol and carbon dioxide accord¬ 
ing to the equation 

- 2(;,H,OH + 2CO» + ca.33 Cal. 

is effected by yeast, the species which specially interest the wine¬ 
maker being Saccharomyces eUipsoidetis and 8. apicukUua, When 
fermentation is due to yeasts carried into the vats on the skins of 
the grapes, the latter species is found in abundance at the beginning 
of the fermentation, but as its action is inhibited when over 4 per 
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cent, of alcohol is preeent the fermentation is finished by 8. dlip- 
soideus. It is, of course, possible to ferment grape juice with 
distiller’s or brewer’s yeast (8, cerevisim), but where a fresh must 
is employed there is no reason to use anything but a grape yeast. 

Yeast was recognised as a form of plant life by the middle of 
last century, and the consumption of sugar evidently affords energy 
to the living cell. (Compare the evolution of heat when sugar is 
fermented.) That the actual yeast cell is unessential in bringing 
about the change was shown by Eduard Buchner (1897), who 
ground pressed beer-yeast with quartz-sand and kieselguhr and, 
after adding water, pressed out the juice. This juice, even after 
passage through a Berkefeld-filter, was able to ferment sucrose, 
glucose, fructose and maltose ; the action was due to an enz3rme 
which Buchner called Zymase. 

Sucrose (cane-sugar) is not fermented as rapidly as the hexoses ; 
it needs first to be hydrolysed to the latter sugars. 

+ H.O ^ CeH„Oe -f 

glucose fructose 

The enzyme which efFects the change is known as invertaae. 
This so-called inversion may be brought about more rapidly by 
the action of dilute strong acids (hydrogen ions), the dextrorotatory 
cane-sugar solution becoming Isevorotatory since the Isevorotation 
of fructose is greater than the dextrorotation of an equivalent 
amount of glucose. In practice, hydrolysis by mineral acids is of 
no interest to the wine-maker since the sugars contained in grape 
must consist essentially of directly fermentable hexoses. 

Whilst the enzyme, zymase, is responsible for the conversion of 
hexose into carbon dioxide and alcohol, various factors must be 
taken into account. Yeast juice falls off rapidly in activity, and 
at first this was thought to be due to the action of the tryptic enzyme 
in the yeast juice on the zymase. In support of this view there 
is the fact that addition of a tryptic enzyme of animal origin hastens 
the disappearance of the alcoholic enzyme (E. and H. Buchner and 
Hahn, 1903), whilst addition of substances {e.g. serum) which 
hinder tryptic action favour alcoholic fermentation (Harden, 1903). 
Harden and Young (1905) then made the important discovery that 
the fermentation caused by a given amount of yeast juice (measured 
by the amount of carbon dioxide evolved) was doubl^ if an addilion 
was made of a volxune of boiled yeast juice equal to that of the 
yeast juice employed, and this effect was obtained whether the 
yeast juice were firesh or had undergone autolysis. Eventually the 
increase in fermentation produced by the boiled yeast juice was 
traced to (1) the presence of phosphates in the liquid, and (2) the 
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existence in boiled fresh yeast juice of a co-enzyme which is indis¬ 
pensable for fermentation. 

If an alkaline phosphate (Na,HP 04 or KiHPOi) is added to a 
fermenting sugar solution the rate of evolution of carbon dioxide 
increases rapidly whilst free phosphate disappears in the liquid. 
Then, whilst active fermentation continues, the concentration of 
fiw phosphate remains low, but towards the end of the fermentation 
it rapidly increases. 

Salts of hexose (mono- and di-) phosphoric esters have been 
isolated (Harden, Robison, Neuberg and others) and Harden {Alco¬ 
holic Fernieniation, 4th edit., p. 69) gives the equations 

1. (a) 3C,Hi,0.+ 2 PO 4 HR, = 2 C,H,i 0 ,(P 04 R,)-f- 2H,0 -I-2CO, f 2C,H,() 
( 6 ) 2C,Hj,0.-»-2PO*HR, -C.H.oO.iPO.R,), + 2H,0-|- 2CO, + 2C,H,0 

as representing the action during the addition of phosphate. 

Since yeast contains a phosphatase capable of hydrolysing the 
hexosephosphates the following reactions must be taken into 
account 

2. (a) C,H„ 0 .(P 04 R,) + H,0 = C,H„0, + PO,HR, 

( 6 ) C 4 Hj,O 4 (P 04 R,) + 2HgO = C.Hj.O, + 2PO«HR,(R - Na or K) 

Thus phosphate is still available for reactions 1(a) and 1(6), 
and its amount increases at the end of the fermentation when the 
excess of hexose is no longer available. 

Isomeric forms of the hexosephosphates are known and it is 
of interest to note, as we shall see below, that the same mixture of 
hexosemonophosphates is obtained whether the hexose submitted 
to fermentation is glucose, fructose or mannose. 

The co-enzyme has been concentrated so that a preparation 
with an activity nearly 500 times that of fresh yeast has been 
obtained. On hydrolysis, this substance yielded adenine and a 
reducing sugar from which it would appear to be an adenine nucleo¬ 
tide to the extent of 90 per cent. (Euler, Myrbaok and others. A 
lecture by H. Euler is reported in Angew. Ckem., 1937, 50, 831). 

Whilst a normal fermentation of a hexose gives alcohol and 
carbon dioxide to the extent of 90 per cent, or more of the amounts 
required by the usual equation, other substances are formed in 
smaller amounts and must be reckoned amongst the compoimds 
which communicate flavour and differentiate a potable liquid, 
whether it be beer, oidra or wine, frnm a dilute solution of alcohol 
in water. It will be well at this stage to consider further what 
other enzymes besides zymase (and co-zymase) are present in yeast. 

(1) Carboxylase (Neuberg and co-workers, 1911 et seq .).—All 
races of brewer’s yeast, active yeast preparations and wine yeasts 
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coDts^ an enzyme wMoh decomposes a-keto-aoids according to 
the equation 

K.CO.COOH = R.CHO + CO, 

As we shall see later, the decomiKwition of pyruvic acid, yielding 
acetaldehyde, is of considerable interest with regard to one theory 
of alcoholic fermentation. It may well be the case that p 3 Truvic 
acid reacts in its tautomeric form CH,:C(OH).COOH (Nord, 1929). 

(2) Varboligase (Neuberg and co-workers, 1922 et aeq .).—This 
enzyme is synthetic in its action and causes two molecules of an 
aldehyde to unite, giving a keto-secondary alcohol. The two 
molecules may be of the same or'different aldehydes, thus acetalde¬ 
hyde yields acetoin (acetylmethylcarbinol, CH,.CH(OH).CO.CH,), 
whilst benzaldehyde added to a fermenting mixture of yeast with 
sugar or pyruvic acid gives phenylaoetyloarbinol. The compounds 
obtained by these reactions are optically active. 

(3) Eedtuiing Enzyme .—The reducing action of yeast has long 
been known, and de Rey-Pailhade (1888) found that extracts of 
yeast gave rise to hydrogen sulphide when brought in contact 
with sulphur. He gave the name philothion to the active substance, 
and it may possibly be the same as the glutathion isolated by 
Hopkins (1921, 1929) from yeast and animal tissues and identified 
as a tripeptide of glutamic acid, glycine and cysteine. Yeast wiU 
not only reduce sulphur, iodine, methylene blue, etc., but also 
converts aldehydes into the corresponding primary alcohols. 

These reactions involve the addition of hydrogen, the source 
of which is not always quite clear. It should be noted that living 
yeast wiU convert acetaldehyde into a mixture of alcohol and 
acetic acid (oxido-reduction dismutation) comparable with the 
Cannizzaro reaction in which an alkali converts two molecules of 
an aldehyde into a molecule of the corresponding alcohol and a 
salt of the corresponding acid. 

2C,H,.CHO -f KOH = C,H,.CH,OH -f- C,H,.COOK 

Such dismutation may be internal, for glyoxalaae, an enzyme 
occurring in yeast and many animal tissues, will convert methyl* 
glyoxal into lactic acid. 

CH,.CO.CHO + H,0 - CHa.CH(OH).COOH 

Msohanism or Aixjohouo Febubktation 

Whilst hexoses in an isolated condition ate made up of cyclic 
molecules (Haworth), it may be assumed that in solution there is 
an equilibrium proportion of open chain molecules of the struotures 
fmrmerly given to the hexoses. In fact, such an assumption seems 
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to be neoessitsted by certain reactions, amongst which that dis¬ 
covered by Lobry de Bruyn (1895) is of importance. Whilst each 
of the three hexoses, glucose, fractose and mannose, is stable by 
itself, any one of these is converted into an almost optically inactive 
mixture of all three in alkaline solution. Thus is explained by 
supposing that these hexoses have a common enoUc form. The 
fact that glucose and fructose give the^ same hexosephosphates 
when alkaline phosphate is added to a fermenting solution of either 
suggests that a similar equilibrium is set up in this case. 
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Fiurtlier action of alkalis on sugar gives a considerable yield of 
lactic acid and small amounts of alcohol; the latter seems to be 
produced more readily under the influence of sunlight (Duclaux, 
1886 ; Buchner and Meisenheimer, 1904). Duclaux also observed 
that alcohol, calcium carbonate and acetate were formed when a 
solution of calcium lactate was exposed to sunlight. As to the 
mechanism by which lactate is formed, the prevailing view is that 
the hexose gives two molecules of glyceraldehyde which passes 
into methylglyoxal by loss of water. 

CH,(OH).CH{OH).CHO - H,0 + CH,:C(OH).CHO( = CH,.C;O.CHO) 

We have seen previously that lactic acid is formed by the addition 
of the elements of water to methylglyoxal. 

The formation of glyceraldehyde and methylglyoxal from 
hexoses has engaged much attention ; the matter is discussed fully, 
both from the experimental and theoretical points of view, in 
Harden’s Alcoholic Fermentation,, 

Several schemes have been proposed to account for the course 
of the reaction; in each case the hexose is assumed to split into 
two 3-C units. 

(1) Lactic Acid Theory. —^The reactions involved may be expressed 
as follows; 

CyHiiO, —► (glyceraldehyde or methylglyoxal) —► CHj.CH(OH).COOH 

CH,.CH,OH + CO, 

Buchner and Meisenheimer showed that lactic acid was neither 
formed nor fermented by pure yeast, which seems to be decisive. 
Wohl hM pdnted out, however, that the production of lactic acid 
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from glucose is exothermic, the lactic acid molecules are thus 
formed in an activated state and may be more prone to further 
reaction. 

(2) Pyrutyic Acid Theory ,—As formulated by Kostytschev 
(1912), the fermentation of glucose is represented by three fairly 
simple equations. 

(i) 2 CHj.CO.COOH ^ 4H 

(ii) 2 CH 3 .C 0 . 0 () 0 H - 2CHs.CHO + 2C08 

(iii) 2CH8.CHO 4- 4H - 2 CHs.CH,OH 

The scheme of Neul^erg and Kerb (1913) is more complicated 
and assumes the intermediate formation of methylglyoxal. Some 
of the latter undergoes an oxido-reduction giving pyruvic acid 
and glycerol. In this final stage methylglyoxal and acetaldehyde 
are supposed to react with formation of pynivic acid and alcohol. 

It may be noted here that small amounts of acetaldehyde and 
glycerol are to be expected amongst the products; this always 
happens in practice though the amoimts are very variable. 

(3) Formic Acid Theory ,—Schode (1906) suggested that glucose 
breaks up readily into acetaldehyde and formic acid under the 
influence of catalytic agents. He found that the latter compounds 
react in presence of rhodium to give alcohol and carbon dioxide. 

CH 3 .CHO + H.COOH - CHj.CHjOH -f CO, 

Possibly an enzyme effects a similar change during fermentation ; 
the aldehyde might result from lactic acid, which is known to 
decompose into aldehyde and formic acid under certain conditions 
(e,g, heating with dilute sulphuric acid). 

The theory has received very little support, but in view of the 
fact that formic acid is obtained from glucose by the action of 
many bacteria, Harden {AhohoUc Fermentation^ p. 146) says: 
** Schode's theory of alcoholic fermentation may be said to be a 
possible interpretation of the facts.’* The experiment of Buchner 
and Meisenheimer (1910) to ferment a mixture of formic acid and 
aldehyde by yeast juice gave a negative result, so that the theory 
seems to be at variance with experimental facts. Ashdown and 
Hewitt (1910) found that addition of formates to fermenting glucose 
solutions diminishes the amount of aldehyde formed, but no argu- 
* ment can be based on such indirect evidence. 

That acetaldehyde is a forerunner of alcohol receives support 
from the fact that the yellow pigment extracted by Banga and 
Szent Gydrgyi (1932) from the cardiac muscle of the pig and by 
Warburg and Christian (1932) from beer-yeast is able to catalyse 
reductions. Using the term flavine ” in the sense proposed by 
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Kuhn (1935) to represent derivatives of benz^^oalloxazine, the 
yellow ferment may be re])resented sohematically by 

Flavine—^Ribose—Phosphate 
'-^Protein-' 

With regard to glycerol, the amount may be largely increased 
by the addition of sulphites (Neuberg and Reinfurth ; (>onnstein 
and Liidecke). This reaction is spoken of as Neuberg’s second 
form of fermentation and may be represented by the equation, 

+ NajSO, 4- H,0 - C^HgOa + CH3.CH(0H)(S03Na) NaHCOa 

A certain amount of the hexose undergoes the normal alcoholic 
fermentation, but 15 to 20 j^er cent, of the sugar fermented may 
undergo the glycerol change. Even larger quantities can react 
in this way in presence of a great excess of sulphite. During the 
war, the process was used in Germany on a large scale. 

Alcoholic fermentation may also be modified by the action of 
mild alkalis, the intermediately formed aldehyde undergoing an 
enzymic dismutation 

2 CH 3 .CHO + H ,0 - CHa.CHgOH -f CH 3 .COOH 

In presence of 4 per cent, of ammonium carbonate as much as 41*3 
per cent, of the sugar has been fermented in this way, the change 
is known as Neuberg’s third form of fermentation and is equivalent 
to a Cannizzaro reaction. 

The foregoing account of alcoholic fermentation shows that the 
fermentation of sugar gives rise to several substances besides alcohol, 
viz, glycerol, aldehyde, acetic acid and (?) formic acid, whose origin 
may be traced to a hexose. But other substances are also found 
in fermented liquors, viz. the higher alcohols which constitute fusel 
oil and succinic acid. These may be traced to the amino-acids 
formed by hydrolysis of the proteins present in beer-wort, apple 
juice, grape must, etc. The proteins of the yeast itself also play a 
part, for higher alcohols are formed when glucose solutions are 
fermented in which the nitrogen has been added in the form of 
ammonium salts (Ashdown and Hewitt, 1910). 

Fusel Oil 

Fusel oil is the name given to the mixture of higher alcohols 
and small quantities of other substances (furfural, higher fatty 
esters, etc.) obtained when an alcoholic liquid is rectified for the 
preparation of spirit. Formerly it was thought that these were 
produced from the sugar, but F. Ehrlich (1903 et aeq,) showed that 
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they resulted from the action of the yeast on amino-acids. By 
adding leucine to a fermenting sugar solution, the inactive amyl 
alcohol was formed ; if, however, iaoleucine was added, active 
d-amyl alcohol resulted. 

(CH,)-CH.CH,.CH(NH,).COOH + H,0 = (CH,),CH.CH,.CH,OH 

-f* COj "I" NHj 

GH,.CH(C,H,).CH(NH,).COOH + H,0 = CHs.CH(C,H5).CH,OH 

+ CX), + NH, 

The reaction proved to be fairly general, thus tyrosine, 
C»H4(0H).CH,.CH{NH,).C00H, gives p-hydroxyphenylethyl alco¬ 
hol (tyrosol, a substance of bitter taste, partly responsible for the 
flavour of beer), phenylalanine gives phenylethyl alcohol and 
tryptophan gives tryptophol. When racemic leucine is treated 
with yeast and sugar, one stereoisomeride is consumed more rapidly 
than the other. 

Harden (1901) found that aspartic acid is reduced nearly quanti¬ 
tatively when Bacilltis coli communis is cultivated in a solution of 
glucose and the acid. 

COOH.CH,.CH(NH,).COOH + 2H = COOH.CH,.CH,.COOH + NH, 


This is not the case when aspartic acid is added to a yeast fer¬ 
mentation, though when glutamic acid is added no glutaric acid is 
formed and the amount of succinic acid is increased. Addition of 
aspartic acid or an ammonium salt decreases the yield of succinic 
acid. From analogy with the degradation of leucine one might 
expect glutamic acid to yield y-hydroxybutyric acid, but its forma¬ 
tion has not been observed, whilst both a-ketoglutaric acid and 
succinic semialdehyde are converted by yeast to succinic acid. 
One may formulate the steps in the production of tsoamyl alcohol 
from leucine and of succinic acid from glutamic acid in the following 
manner with a fair degree of probability. 


(CH,),CH.CH,.CH(NH,).COOH 

(CH,),CH.(XI,.CO.COOH 


i.ciij.c: 


(CH,),CH.CH,.CHO + CO, 

I 


(CHg),CH.CH,.CHgOH 


COOH.CHg.CHaCH(NH,).COOH 

I 

COOH.CH,.CH,.CO.COOH 
COOH.CH,.CH,.CHO + a), 
COOH.CH,.CH,.COOH 


CONSTITUBITTS OF GrAPB MU8T 

So far we have dealt with those substances obtained in the 
ooiu'se of any alcoholic fermentation whose presence can be attri- 
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buted to the action of yeast either on sugar or on amino-aoids. In 
the case of wine, the constituents of the grape are of prime import¬ 
ance. Sometimes the grapes are destemmed before or after crush¬ 
ing but, not infrequently, the whole crushed mass, pulp, skins, 
pips and stalks, goes to the fermenting vat. Hence it is necessary to 
consider a great number of constituents in order to get an idea of 
the substances which may be found in the must and the wine 
produced from it. 

The following list includes some of the substances which have 
been reported as occurring in grape must. 

(1) Sugars .—In European grapes, only glucose and fructose are 
known to occur definitely, but sucrose has been reported as present 
in some American grapes. There is not much probability of finding 
sucrose in musts as the grapes contain sufficient invertase for its 
hydrolysis. 

To produce a wine with 10 per cent, alcohol by volume, the 
must should contain 170 grams hexose per litre. This is greater 
than the amount calculated from the equation of alcoholic fer¬ 
mentation but, as has been pointed out, some of the sugar is 
converted into other products of which glycerol is especially note¬ 
worthy. 

(2) Inosite .—Detected in unripe grapes, must and wine. 

(3) Organic Acids .—The amount varies ; it may be as low as 
3 parts per thousand in southern climates or as high as 30 in northern 
climates. Tartaric (dextro) and malic (Isevo) acids occur in greatest 
quantity, but the presence of formic, glycollic, glyoxylic, succinic 
and citric acids has also been reported in grape juice; some of 
these are at least doubtful. Reichard (1936) states that citric 
acid is present in grape musts but may be entirely destroyed during 
fermentation. 

(4) Pectin .—^AU fruit juices contain substances of the pectic 
class, and a certain amount persists in the wine. Miintz and Lain^ 
(1906) found small amounts in wine and held them to be responsible 
for the quality of velouU (softness). 

(5) Tannins .—^These occur in the skins, seeds and stalks of 
grapes. The quantity in solution in the must is small, but more 
is taken up during fermentation Of red wine. In the case of white 
wine, the marc (skins, seeds, stalks) is usually removed before fer¬ 
mentation, so that it is frequently necessary to add tannin to the 
wine afterwards. The tannins of the tannic acid class are esters 
of sugars with polyhydroxybenzoic acids or their condensation 
products. These yield gallic (3:4: 5-trihydroxybenzoic) acid and 
a sugar on hydrolysis. They are mixtures which have resisted 
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separation into their individual constituents, but some of them 
appear to be derived from digallic acid, 

(3) (4:5) (1) 

CeH,(OH)8.CO.O.C«H,(OH),.COOH 

A synthetic product, penta-m-digalloyl-^*glucose, obtained by Emil 
Fischer in 1918, strongly resembles Chinese tannin ; its formula is 
[CoH,(OH)3.C()O.C,H,(OH),.CO.]5C.H,0, 

The tannins share with the catecliins the useful property of 
precipitating proteins (tanning process), and use of this is made in 
the clarification of wine. With gelatine solution the tannin (more 
added if desirable) give>a a precipitate which carries down finely 
suspended matter. The catechins have been noted as occasionally 
present in wine (Simmler, 1861); when pure they are colourless, 
crystalline derivatives of phloroglucinol. They are readily changed 
to amorphous tannins (tannin red) by mineral acids, enzymes and 
heat. 

Resinous substances known as phloba/phenes are also present ; 
possibly they are anhydrides of the tannins. They are practically 
insoluble in water but dissolve in alkalis, alcohol and tannin solution* 
The resinous material of grai)e stalks is usually supposed to be a 
phlobaphene. 

(0) Colouring Mailers ,—The green colour of immature grapes 
is due to chlorophyll, this disappears as ripening proceeds. The 
yellow dyestuff of the skins of white grapes is possibly a carotenoid, 
since compounds of this class are widely distributed in plants and 
usually accomi)any chlorophyll.' 

Regarding the colouring matter of red grapes, Willstatter and 
Zollinger (1916) isolated (Enin Chloride, CjjHmOuCI, 6H|0, from 
a North Italian variety. Hydrolysis proved this to be a glucoside 
and the resulting (Enidin Chloride was shown to be an antbocyanidin. 

C,aH, 50 j,Cl + H,0 - 

Small quantities of quercitrin, a rhanmoside of quercitin, are 
found in wine (Votocek and Erie, 1990) and it will be seen from the 
structural formulae that catechin, cenidin and quercitin all contain 
a pyrogallol residue. 

^ The carotenoids are ohoracterisod by long hydrocarbon chains with 
conjugated ethqnoid linkages joined at either end to cyoHo or open chain 
groups. The latter groups are frequently identical and may contain oxygen. 
The pioneer work of Willstatter (1910) has been greatly extended by the 
researches of P. Karrer, R. Kuhn and their co-workers. Useful accounts 
of the more nKjent work will bo found in the CThemioal Society’s Annual 
Reports for 1933 and 1935, 



CHEMISTRY OF WINE 


635 


O 


HO 





OH 


CH- 

OH CH, 

Catechin 

Cl 

iT" OH 

c- ^ 

^^roH 

OH CH 

Delpyunidin chlorid* 


)H 


OH 


O 


OH ho/ 



C 

OH ( O 

Quercitin 

Cl 


HO 


O 

/\/\ 


X)CH, 


OH 




OH 






'vV' 

OH CH 

(Enirlin chlorid« 


OH 


The structural relationships revealed by these formulae are of 
interest in view of Gautier’s theory (1878, 1892) that there is some 
connection between the pigments and tannin. 

(7) FeUs .—Must is liable to contain a small amount of fats which 
may be derive<l from the seeds rather than the i>ulp : palmitic, 
stearic and melissic acids have been isolated from grajK! seed oil 
(Andr^, 1922). 

(8) Nitrogenous Compounds .—Coagulable albumen, albumoses, 
amino-acids and ammonium salts are present in must and traces of 
nitrates have been detected. The evidence with regard to the 
presence of lecithin is, on the whole, affirmative. As we have seen 
previously, the amino-acids are the source from which the higher 
aloohols and succinic acid are derived. 

(9) Enzymes .—Martinand (1907) states that sucrose {invertose) 
occurs in all parts of the vine. This would account for the absence 
of sucrose in the fruit. 

Although C. von der Heide is doubtful about the presence of an 
oxydase, Bouffard and Semichon hold the opposite view, and 
H. T. Brown (1914) localises the oxydase as being confined to the 
inner layers of the skin, the vascular bundles occurring just below 
the skin and the bundles which connect the pips with the stalk. 

(10) Inorganic Salts .—^From 2 to 6 (usually 3 to 4) grams of ash 
(40-60 per cent. K,0, 8-20 per cent. PiO,) are furnished by each 
litre of must. The following ions are stated to have been detected 
in various samples. 

Kations. —Sodium, Potassium, Magnesium, Calcium, Aluminium, 
Manganese, Iron. Copper and Arsenic may be accidental. 

Anions. —^Fluoride, Chloride, (Bromide), (Iodide), Borate, Sili¬ 
cate, Phosphate, Sulphate. 
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Vinification 

The production of wine from grape-must involves several pro¬ 
cesses ; these may be shortly reviewed. Since the juice of red 
grapes ^ is almost colourless, either red or white wine can be made 
from red grapes according to whether fermentation is effected in 
presence or absence of the skins, whilst white grapes can only be 
used for making white wines. 

The skins of the grapes have an odour wliich is special for each 
variety ; it is known as the parfum and must not be confused with 
bovxjnet. The parfum becomes less noticeable as the wine ages. 

When the grapes are picked, they need crushing; this is generally 
effected by mechanical means, although treading with the feet still 
survives. A machine is so designed as to rupture the s ki n and allow 
the pulp to escape without crushing the pips, since the oil contained 
in the kernels may communicate a disagreeable taste to the wine. 
After crushing {foidage —the machine is a fouloir) the mass is trans¬ 
ferred to the fermenting vat (cuve) and fermentation starts by the 
action of the native yeast introduced on the skins of the grapes. 
Such would be the simplest way to make a rod wine. In the earlier 
stages the must is fairly aerated and the yeast multiplies rapidly; 
as dissolved oxygen is used up the yeast enters on an anaerobic 
existence and attacks the sugar with production of alcohol and 
carbon dioxide. 

Improvements on the above simple process have to be considered, 
and one of the first points relates to the desirability of introducing 
the whole of the crushed mass into the vat. Machines for de-stem- 
ming (igrappage) have been introduced and may often be used with 
advantage ; a machine which combines crushing and de-stemming 
is known as a fouloir-igrappoir. (The igrappoir-fouhir separates 
the stems from the grapes before the latter are crushed.) On the 
one hand it is claimed that removing the stalks gives a somewhat 
stronger and more brilliant wine and that undue astringency is 
avoided ; on the other hand, opponents of the system state that 
fermentation is retarded owing to lack of aeration and that too much 
flavour, due in part to tannin and tartaric acid, is lost. Briefly, 
it seems desirable to practise de-stemming if the variety of grape 
gives a wine with too great astringency or sharpness or if the grapes 
have been gathered when not fully ripe. But when the grapes are 
very ripe and very rich in sugar, fermentation is likely to be difficult 
if de-stemming is resorted to. 

> It is customary to speak of black or white grapes. These are spoken 
of in French as dpages rouges or bkmcs. 
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The temperature at which fermentation takes place determines 
the period spent in the vat (cuvaison). The reaction whereby sugar 
is converted into alcohol and carbon dioxide is exothermic, so that 
temperatures tend to rise. If, however, the initial temperature is 
too low, the loss of heat by conduction and radiation is not com¬ 
pensated and devices are employed for raising the temperature. On 
the other hand it is necessary to cool the fermenting mass in hot 
climates, otherwise the action of the yeast is inhibited and that of 
bacteria promoted. Whilst the activity of yeast is at a maximum 
at 35° it falls off rapidly above this temperature, whilst for bacteria 
the optimum is 38° so that cooling should start when 33° is attained. 
According to Pacottet, a reduction to 18° is allowable. The time 
the wine remains in the fermenting vat may be only two or three 
days or may be extended to ten days or more. In the latter case 
the extraction of colouring matter and tannin is more complete and 
the wine tends to be hard (dur). 

The size of the vats in which the fermentation is effected is 
variable. Red wine can be made in small casks or in large concrete 
tanks lined with glass tiles. Some of the largest are found at the 
co-operative wineries at Marsillargues (H6rault) and Maison Carrie 
(Alger). 

After fermentation, the wine is run off from the marc {vin de 
gouUe) and a further amount {vin de pre^ae) is obtained by subjecting 
the marc to mechanical pressure which is repeated a second and 
possibly a third time. The vin de presae is richer in tannin than the 
vin de goutte, Coudon and Pacottet quote an example of 1-51 and 
0*44 grams })er litre respectively with a wine made from the variety 
Pinot. This is a somewhat exaggerated case, the marc was sub¬ 
merged during fermentation but no further steps were taken to 
ensure circulation and extraction of the tannin. 

Whether the run-off and pressed wines are blended depends on 
the quality desired and the price the wine commands ; in the case 
of grands crus, the vin de goutte is reserved. To raise the tannin 
content, say to 1 gram per litre, it may be desirable to add some 
of the wine from the first pressing, but not that from the second 
and third pressings, in the case of good quality wines. 

After removal from the fermenting vat, the wine is stored in 
casks where it undergoes a secondary fermentation and deposits 
lees containing a considerable amount of tartar (potassium hydrogen 
tartrate). The temperature during this period should be about 20°, 
afterwards a fall in temperature is desirable to assist in deposition 
of sparingly soluble material. In warm climates, artificial cooling 
oan be resorted to with advantage, for a deposit after bottling 
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detracts from the value of wine. Before wine is bottled it is racked 
several times; the operation of fining will receive attention when 
white wines are considered. 

It has been assumed that tlie must as obtained by crushing the 
grapes has been fermented directly without addition of other 
materials. Good wines necessitate the use of musts containing a 
sufficiency but not an excess of normal constituents, it is therefore 
of importance to consider the causes of defects and the legitimate 
means by which they may be rectified. The guiding rule is that 
nothing should be added to the must which is not a normal con¬ 
stituent of must or wine or which would not be introduced in the 
usual course of manufacture. 

Must may suffer from the grapes being gathered when (1) unripe, 
(2) over-ripe. 

(1) It may be necessary to gather the grapes before maturity if 
they have been attacked by cryptogamic parasites or insects ; in this 
case the wine is too acid and insufficiently alcoholic. To remove 
the acid, neutral potassium tartrate has sometimes been added in 
order to precipitate the sparingly soluble acid potassium tartrate. 
This assumes that it is tartaric acid which needs elimination, but 
E. Peynand {Revue de Viticulture, 1939,90, 3) states that the tartness 
(verdeur) of wines made in years when the summer has been cold 
and the harsh {acerbe) character of new wines is due to malic acid, 
which diminishes as the grapes ripen and which undergoes a bacterial 
lactic fermentation in the wine. In a must containing 186 ^ams 
of sugar per litre, Peynand found 84-4 milli-equivalents of mahc acid, 
whilst in a White Barsac and a Red Medoc the quantities were 16’6 
and 3'0 respectively. 

A remedy which has sometimes been used is to add alcohol in 
successive small doses during the fermentation ; this process must 
not be confused with the subsequent fortification of a fermented 
wine as in the case of port. The most rational procedure is to add 
sugar to the must {chaptaliaation ); the practice is to warm a portion 
of the must, dissolve sugar in it and add the solution to the contents 
of the vat when the fermentation is vigorous. 

(2) When the grapes have been gathered in an over-ripe con¬ 
dition, the must is likely to be deficient in acid, in which case the 
growth of various micro-organisms is favoured and the sugar is con¬ 
verted into products other than alcohol and carbon dioxide. Direct 
addition of tartaric or citric acid is the simplest method; indirect 
methods consist in treating the must with calcium sulphate (plaster¬ 
ing) or an acid calcium phosphate. In the case of calcium sulphate, 
the acid potassium tartrate in the must yields calcium tartrate, free 
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tartario acid and potassium sulphate. Care is required since large 
amounts of potassium sulphate are undesirable ; in fact, an amount 
greater than 2 grams per litre is forbidden in France. Ammonium 
phosphate and glycerophosphate are allowable in quantity strictly 
necessary for the development of the yeast. 

If the amount of tannin in the must is too small, the deficit 
may be made good. Tannin aids in the solution of the colouring 
matter of red wines and is very necessary for the clarification of 
white wines where it is often deficient. 

White Wines 

In making white wines, skins and stalks are removed before the 
must is fermented. Since the bouquet of a wine deiKuids to a large 
extent on the substances derived from the skin and stalk, the grapes 
must he quite ripe before picking. In fact, over-ripeness is often 
desirable and in some regions (Sauterne, Rhine, Hungary) the grapes 
are picked when covered with mould (Edelfaul, Pourriture noble) 
due to Botn/tis cinerea. 

The juice from white grajx^ is viscous, and crushing (foulage) 
has to be more thorough than in making red wine. The crushed mass 
is pressed without removal of the stalks and the must which runs 
off is then freed from fragments of skin, stalks or other suspended 
matter (debourbage). This can be effected either by settUng, fining 
or mechanical means. 

If the clearing is done by settling (6 to 24 houis and even longer) 
the must has to be partially sterilised (mu^uge) by sulphur dioxide or 
a bisulphite. Fining by albumen, gelatine, etc., is not often used, 
the protein forms a coagulum with the tannin of the must and carries 
down the suspended matter. Since the amount of taimin in white 
must is naturally small, it is frequently necessary to add more in 
any case. The removal of suspended matter by mechanical means 
necessitates the use of special filtering arrangements or centrifuges. 

The fermentation is carried out in casks at a comparatively low 
temperature (18 to 20°) and lasts about 16 days ; the use of large 
tanks does not give satisfactory results. Musts which have been 
sulphited lend themselves to the employment of selected yeasts 
which have been accustomed to sulphurous acid and started at a 
higher temiierature in a separate portion of must. When such a 
‘‘ levain is fermenting vigorously, it is added to the bulk of the 
must at a lower temperature; the carbon dioxide which is evolved 
should carry off the excess of sulphur dioxide. 

After the fermentation has ceased, the wine is allowed to remain 
in cask in order to deposit lees; the first racking is sometimes carried 
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oat at the end of autumn but often after Christmas. The second 
racking may be in February or March and several further raokings 
are made at intervals. 

It has been mentioned that the clearing of must by fining with 
a protein (albumen, gelatine, etc.) is not often resorted to ; when a 
wUte wine is fined in this way it is sometimes necessary to add extra 
tannin as in the case of must. A wine containing too much tannin 
is astringent and fining may be useful in removing the excess, but 
if there is not enough the wine is too soft. 

In making white wine from red grapes, certain precautions must 
be observed. The grapes are crushed as soon as possible after picking 
and the cylinders of the crusher must be set sufficiently far apart not 
to tear the skins badly and so allow the colouring matter to escape. 
The pressed juice is collected fractionally. Facottet obtained from 
100 kilos of Aramon grapes 

65 to 70 htres of colourless, 

10 to 16 litres of slightly coloured and 
5 to 8 htres of highly coloured must. 

Should it be desirable to decolorise the must, sulphiting, animal 
charcoal or sulphiting combined with aeration are resorted to. It 
may be remarked that Champagne is largely made with red grapes. 

Vins gris and vins roses are obtained from red grapes. For the 
former, the whole must is fermented without previous dAbov/rbage. 
For vins roses, the fermentation is started as for red wine and finished 
in cask as for white wine. 

Composition op Wink 

Wine is generally required with a minimum alcohoUc content of 
10 per cent, by volume, so that with musts of low hexose content 
an addition of sugar may be desirable. When, on the other hand, 
the sugar content of the must is high, the addition of water is for¬ 
bidden in France and other countries. The indigenous yeasts are 
accustomed to a high sugar content so that fermentation, except in 
abnormal cases, presents no difficulty. Some yeasts can ferment 
up to 17 vol. i)er cent, and the present writer has heard of 19 vol. 
per cent, being attained under special conditions. 

Fortified wines ore made by addition of distilled alcohol; in 
order that the whole wine should be a grape product, the spirit used 
must be brandy and not any other form of distilled alcohol, however 
sUent. The effect of the addition of alcohol is to stop the fermenter 
tion at any stage even when the sugar has been only pariudly 
fermented. 

The non-volatile substances present in a wine have a marked 
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effect on its quality ; for instance, sweetn^ depends on sugar which 
may have been added after or during fermentation or simply be an 
excess which has escaped conversion into alcohol. An excess of 
tannin produces astringency, a sharp taste is due to free organic 
acids or acid salts whilst softness {velotUi) is usually ascribed to 
pectic substances. The casks in which the wine is contained before 
bottling wiU also yield a certain amount of material which goes 
into solution. The more delicate flavours are due to volatile sub* 
stances and the isolation of these is, in most cases, not easily 
practicable. However, brandy is a wine distillate and substances 
identified as existing in a sample of brandy must have had their 
origin in the wine from which it was distilled. 

One of the most (Complete examinations of the composition of 
brandy was made by Ch. Ordonneau, a Pharmacist of Cognac, who 
published the results of his research in a small book, Alcoola et 
Eatix-de-Vie (Doin, Paris, 1885). Having constructed an efficient 
rectifying column, he submitted 300 litres of brandy (eau-de-vie, 
fins bois) to a careful fractional distillation. The cask in which the 
spirit had been stored had previously contained rape, i.e, marc 
fermented with water, so that the spirit contained an excess of acetic, 
propionic and butyric acids and their respective esters ; these could, 
however, be ultimately referred to the grape. The first runnings 
{alcool de tele, 5 litres after two rectifications) contained acetaldehyde, 
acetyl and ethyl acetate and propionate. The feints (queue) were 
rectified several times and a liquid was collected which, after drying 
over potassium carbonate and another distillation, gave 1195 grams 
of “ huile essentielle k odeur agr6able, repr6sentant le bouquet de 
Teau-de-vie employee This oil contained n-propyl, n-butyl, amyl, 
hexyl, heptyl and even higher alcohols ; propionates and but 3 rrates 
of propyl, butyl and amyl; the ethyl esters of caproic, heptoic, 
caprylic, pelargonio, caprio, lauric and myristic acids ; a butylene 
glycol; glycerol; furfural and bases. 

The question arises, from what sources are these products 
derived ? Aldehyde may be due in port to the oxidation of alcohol, 
but it is a normal product of the fermentation of sugar by yeast. 
The higher fatty acids are doubtless derived to some extent from the 
oil extracted from the pips; some may result from the oxidation 
of the corresponding alcohols. The higher alcohols are to be referred 
to the action of yeast on amino-acids, and the proportions found 
by Ordonneau in the brandy used are of some interest. 100 hecto¬ 
litres of brandy at 50 volume per cent, contained 40 grams of 
n-propyl alcohol, 218-6 grams of n-butyl alcohol and 83-8 grams 
of amyl alcohol, higher alcohols being present in small quantities. 

TT 
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When compared with the figures for alcohol derived from grain, the 
large proportion of n-butyl alcohol to other higher alcohols is note¬ 
worthy. Moreover, Ordonneau remarks that n-butyl alcohol does 
not occur in alcohol obtained with beer-yeaet; in the oil from a 
maize fermentation he could only detect isobutyl alcohol. In view 
of Ehrlich’s work, one is inclined to refer the difference to the 
material fermented rather than to the yeast employed. 

It is fairly evident that the quality of a wine depends in the first 
place on three main factors: 

(1) Tlie variety of grajw employed. 

(2) The soil on which the grape is grown. 

(3) The strain of yeast used in the fennentation. 

In addition to these factors, the process of manufacture must 
be taken into consideration, e.g. the method of expressing the juice, 
the temperature of fermentation, etc. These conditions may be 
varied but the factors mentioned above are fixed. Oamay gives good 
quality wine on the porphyritic slopes of the Beaujolais but is not 
suited to the Burgundian calcareous marls. PiruA, grown in Bur¬ 
gundy on a calcareous soil gives famous wines, on a compact clay 
soil the wines produced are almost ordinary. One may spend an 
instructive (if somewhat alcoholic) day or two on the road from 
Dijon to Beaune and note the soil on either side and the position of 
the more celebrated vineyards. 

At one time the idea was prevalent that given two varieties of 
grape A and B, usually fermented by indigenous yeasts a and 6 
respectively, one could use a to ferment B and obtain a wine resemb* 
ling that usually given by A (or, vice-veraa with A and 6). This 
expectation has not been fully realised; at the same time it is worth 
while possessing a good suitable strain of yeast which may be 
cultivated at the winery. 

Chanqks dtieino Matubation 

After fermentation, the wine goes to cask and is racked at 
intervals; the number of rackings is partly determined by the quality 
of the wine and the price it commands. When wine is to be con¬ 
sumed as a cheap beverage and not as a luxury, bottling is not 
necessarily resorted to. 

What changes will occur whilst the wine remains in cask ? 
During fermentation the temperature rises and potassium bi-tarteate 
is more readily dissolved. After removal from the marc and cooling, 
the excess is largely deposited but in a far firom pure condition. 
Bidding a wine of all the suspended matter and dissolved subcttanoes 
which separate slowly, and solution of substances from the wood 
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of the cask, lead to an alteration in flavour. In wine districts, newly 
fermented wine is on sale at the time of the vintage ; it is supposed 
to have a beneficial effect medicinally. After one trial, the present 
writer concluded that the physiological effect was somewhat pro¬ 
nounced. 

Another question is that of the equilibria between the acids, 
aldehyde and alcohols as represented by the equations 

U.COOH + R'OH R.COOR' + H,0 
R.CHO + 2R'OH ^ R.CH(OR'), + 11,0 

In the absence of any considerable concentration of hydrogen 
ions the process is likely to be slow. RiWreau-Gayon and Peynand 
(1036) state that the neutral esters found in even young wine are 
formed biologically during fermentation and also observe that the 
ester-equilibrium is never reached even in very old wines. The ratio 
of free to combined organic acids has been given for a number of 
wines by Bremond (1937). 

There is a prevalent idea that spirits, once bottled, undergo little 
or no further maturation ; this is certainly not the case with wine. 
Wine is decanted carefully for the chief reason that however clear 
the wine was when bottled, some deposit is always formed sub¬ 
sequently. As to its nature, the present writer is loath to offer an 
opinion ; that some is formed by alteration of soluble colouring 
matter is almost certain, but how the change k catalysed is not 
obvious. The breakage (caa«e, Bruch) of wine is due to oxidation ; 
a wine may be bright and clear when drawn from the cask, but on 
aeration for a few hours it becomes turbid and forms a brownish 
red precipitate whilst the Uquid assumes a yellowish colour. How 
the reaction is catalysed is not quite certeun but probably traces of 
iron compounds are responsible (Legatu, Roos, H. T. Brown). 
Bouffard could detect no organism and the view that casse is due to 
an enzyme (Gouirand, Laborde) is improbable. 

The glass of which the bottles are made is worth considering, 
for in most cases a dilute alcohol is likely to dissolve some con¬ 
stituents from the glass, especially if it is aUuiline. A few years ago, 
attention was given to this question by a Departmental Committee, 
and samples of wine from different sources were sealed up in vessels 
made from fused silica and glasses of various qualities. After the 
lapse of time, vessels were opened and the contents examined. 

As might have been expected, the wine kept in silica had under¬ 
gone least alteration, whilst the same wine kept in different glass 
materials had been affected as to flavour in different ways. Whether 
it would be possible to say one sort of glass was most suitable for 
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bottling wines is more than the present writer would oare to speculate 
on. 

Wine usually acquires its “ bottle character ” in about two years ; 
if this is the case it seems that farther change is mostly due to 
redistribution of chemical equilibria amongst the constituents of 
the wine. It is, however, well to remember that the bottles are not 
hermetically sealed and however good corks may be some leakage 
of oxygen from the air is almost certain. This may account in 
part for the ultimate deposit of brown material from the red colouring 
matter and to some extent to the change in flavour. 

Needless to say, many attempts have been made to hasten the 
maturation of wine. Our forefathers sent sherry on a voyage to 
the East Indies, port went to Newfoundland and back. In these 
days various devices are tried including exposure to ultra-violet 
relation. A search of the literatru^ would doubtless disclose many 
attempts at improvement, some feasible, others dubious. 

In this article, an attempt has been made to keep as far as 
possible to the chemistry of wine, and lack of space has prevented 
much allusion to the biological side of fermentation or the subject 
of viticulture. 

The diseases of wine are chiefly of biological origin ; may they 
never cause annoyance to the reader or the writer of this article. 



ATOMIC NUCLEI, STABLE AND 
UNSTABLE 

By P. B. moon, M.A., Ph.D. 

Univeriity oj Birmingham. 

Thb two questions “ How many chemioal elements are known ? 
and “ How many different kinds of atom are known ? ” would 
have been regarded as equivalent until early in the present century ; 
except at the time when the individuality of the rare earth elements 
was a matter for controversy, any up^to-date chemist would have 
been prepared to give an answer and would have had doubts about 
perhaps only one or two of the number. If asked to write them 
down in alphabetical order^ he might have protested, being acous- 
tomed to remember them by their chemical relationships, which 
towards the end of last century were given systematic representation 
in the periodic table of elements. This table, in the form to which 
the advance of chemistry ultimately brought it, made allowance 
for ninety-two elements, with, of course, the possibility of extension 
in the event of the recognition of elements heavier than uranium. 

The discovery that certain pairs of the heavy unstable elements 
had identical chemical but different radio-active properties brought 
about a distinction between the two questions at the head of this 
page, and when, some years later, the work of Thomson, Aston and 
Dempster [1] showed that many stable elements consist of a mixture 
of isotopes ” of different nuclear masses, the second question 
became a matter for physicists, and only a specialist could be 
expected to ax\swer it to any close approximation. The growth of 
the list of known nuclear species, due to the analysis of the elements 
into their constituent isotopes, was so rapid that by 1934 about 
200 kinds of nucleus were recognised, and this number was increasing 
steadily. In that year a new turn was given to nuclear physics 
by Curie and JoUot’s discovery that radioactive isotopes of 
certain light elements can be made by bombarding stable nuclei 
with alpha-particles. The aim of this article is to give some 
impression of the progress in our knowledge of nuclei that has 
followed during the last five years ; the rapidity of i^rogress has 
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been such that nearly 300 radioactive nuclei (including the naturally- 
occurring ones) have now been reported, of which a large majority 
have been identified beyond reasonable doubt. They include 
isotopes of all but about three of the known elements. One of the 
ihost satisfactory results of this new knowledge is the removal of 
the air of incompleteness formerly so characteristic of the list of 
known nuclei; this point, and others, can best be made clear by 
first reviewing briefly the Ust of stable isotopes. 

In considering tUs list it is most profitable to think in terms 
of the now generally-accepted hypothesis [2] that nuclei are built 
up of neutrons and protons ; the number of unit positive charges 
carried by the nucleus (the atomic number Z) is equal to the number 
of protons, while the total number of neutrons and protons is the 
maas-number A of the nucleus. Owing to the loss of mass entailed 
by the evolution of energy which would occur if the nucleus were 
to be formed from the individual free protons and neutrons, and 
owing to the slight difference between the mass of a proton and 
that of a neutron, the actual nuclear masses are not exact multiples 
of a single unit; but on the conventional mass-scale in which the 
oxygen isotope of mass number 16 is assigned the mass of 16 units, 
the actual masses differ from the integral mass-numbers by only 
small fractions of a u n i t. The constitution of any nucleus may 
be represented by a point of integral co-ordinates on a cartesian 
diagram, the abscissa being the number of protons (Z) and the 
ordinate the number of neutrons (A-Z). In such a “ neutron- 
proton diagram,” isotopes of any one element appear in a vertical 
column, while nuclei of equal mass-number but different atomic 
number (iaobara) lie on lines having a negative gradient of 46 degrees. 
A neutron-proton diagram for the naturally-occurring nuclei is 
shown in Fig. 1. 

The remarkable fact that, with only two possible exceptions,* all 
atomic numbers from 1 (hydrogen) to 83 (bismuth) ore known to exist 
stably in nature, may be expressed by saying that any number of pro¬ 
tons less than 84 (except possibly 43 and 61) may be combined with 
neutrons to form a stable nucleus. About twenty elements have only 
one naturally-occurring isotope, which means that, so far as we know, 
only one particular number of neutrons can stably bind together 
that number of protons which is the atomic number of any one of 
these elements. For example, we may take iodine (Z »= 53), the 
only stable isotope being that of mass-number 127, which contains 
74 neutrons. Thus 74 is apparently the only number of neutrons 

> vix. 48 (“ Masurium *’} and 61 (“ Illinium ”); the existence of the foimer 
seems very probable. 
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Fio. 1.—Neutron-proton diagnun for the naturally-occiuTing stable nuclei. 

SmosdoM not Allow the liiieitjcm of tlieebemiml eymboU correspondins to each atomic number, 
but it may be worth mentlouing that Z •» 20 la oaiclum, Z 40 la lirconiuiu, Z 00 Is neodymium, 
and Z <« 80 it meroury. 

capable of binding 63 protons into a stable nucleus. On the other 
hand, the next element, Xenon (Z = 64), has at least nine stable 
isotopes, their masses ranging from 124 to 136, so that 64 protons 
can be united in a stable nucleus by 70 neutrons, by 82 neutrons. 






SCIENCE PBOOEESS 


648 

and by seven intermediate numbers. In drawing these conclusions 
we arie, of course, assuming that an isotope which does not occur 
in nature is absent because it is unstable—not because it has never 
existed. We shall return to this question a little later. 

When there is more than one stable isotope of an element they 
are not usually of consecutive mass-numbers ; in fact, one of the 
best-marked regularities in the generally haphazard appearance of 
the list of stable nuclei is that elements of odd atomic number 
frequently consist of a pair of isotopes differing in mass-number 
by two units. One or two other general tendencies of minor interest 
have been pointed out, but there is one feature of the list which 
has long been recognised and is of surpassing importance—namely, 
that the stable nuclei contain protons and neutrons in something 
like equal numbers. It is true that in the heavier elements there 
is a definite excess of neutrons, the isotopes of mercury, lead and 
bismuth having about three neutrons to every two protons, but 
it is just at this point in the periodic table that stable nuclei end. 
In terms of the neutron-proton diagram, we may say that there 
exists a stability bandy increasing in width from two or three units 
for the lightest elements to ten or a dozen units for the middle 
elements, and narrowing slightly once more as we approach the 
upper end of the table where only unstable nuclei are found. Within 
this band lie aU the nuclei which exist stably on the earth, but 
about half the places within this band are vacant. 

The above facts should make it clear that two of the main 
problems of nuclear physics are to explain why the naturally 
occurring nuclei contain very roughly equal numbers of neutrons 
and protons, and why, within this “ stability band,’* the existing 
nuclear species are distributed in a fashion which is broadly yet not 
entirely irregular. 

The former of these problems can be answered in principle on 
the assumptions that the forces which bind nuclei together are 
forces acting between neutrons and protons, and that these forces 
show the phenomenon of saturation, a phenomenon which may be 
crudely represented by the idea of “ valency.” If each proton 
must have exactly n bonds with neutrons and each neutron must 
have exactly n bonds with protons, the only possible nuclei would 
be those containing exactly equal numbers of the two kinds of 
particle. This condition may be expected to be relaxed to some 
extent, not only because the idea of valency is too crude, but 
because forces between like particles also come into play. In 
particular, the forces of electrostatic repulsion between protons 
help to explain the tendency of the heavier nuclei to contain more 
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neutrons than protons; since these forces do not show saturation 
they are relatively more important the more particles are contained 
in the nucleus. 

To explain why any given nuclear species does or does not 
exist in nature is quite another matter ; the facts are, as we have 
seen, so complicated that any satisfactory explanation must clearly 
involve detailed knowledge of the structure and properties of nuclei. 
We may nevertheless distinguish between two classes of explana¬ 
tion, not mutually exclusive. One may suppose that missing 
nuclear species have never existed or that, whether or no they 
once existed, they are unstable. The one hypothesis throws the 
onus of explanation upon nuclear cosmogony; the other, directly 
upon nuclear physics. Since nuclear physics is a progressive experi¬ 
mental science behind which the speculative science of cosmogony 
necessarily lags, it may be reckoned fortunate that the second 
explanation has been proved correct by the artificial preparation 
of the majority of the missing nuclei, which have been duly found 
to undergo spontaneous transmutation with half-periods ^ varying 
from fractions of seconds to years. 

It is obviously impracticable to attempt anything like individual 
mention of these hundreds of unstable nuclei, and it seems best to 
mention very briefly the methods by which radioactive nuclei 
are made in the laboratory, and then to discuss the various ways 
in whioli they disintegrate [3]. The illustrations will be drawn 
BO far as possible from a single small region in the middle of the 
periodic table, which in this way will receive a reasonably detailed 
discussion [4]. 

The bombardment of stable nuclei by neutrons, protons, deu- 
terons or alpha-particles may cause immediate nuclear transmuta¬ 
tion. In any of these oases it is convenient and probably correct 
to suppose that the initial process is the combination of the incident 
particle with the struck nucleus to form a compound nucleus which 
will be in an excited state. This nucleus may get rid of its excess 
energy in on extremely small fraction of a second, either by gamma 
radiation, which involves no further change in its content of neutrons 
and protons and means that the incident particle has been cap¬ 
tured ; or by the emission of one or more neutrons, a proton or an 
alpha-particle.* The probabilities of these secondary processes vary 

^ By half-period is meant the time required for half the nuclei originally 
present to have disintegrated. 

• From very recent work of which details ore not yet available, it seems 
that certain very heavy nuclei may, on oaptxiring a neutron, split into roughly 
equal halves. 
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with the nature of the bombarded nucleus and with the nature and 
energy of the bombarding particle ; for example, slow neutrons are 
ordinarily captured, the next higher isotope of the bombarded 
nucleus thereby being formed ; on the other hand, the combination 
of H,fast neutron with a nu(?leu8 is frequently followed by the emission 
of a proton or of two neutrons, the net results being respectively 
the formation of the isobar of next lower atomic number or the 
formation of the isotope of next lower mass-number. In some 
cases an alpha-particle leaves the compound nucleus, the net change 
then being the loss of one neutron and two protons— i,e. a decrease 
of two in the atomic number and three in the mass-number. Irradia¬ 
tion by gamma-rays has so far been found to result in the ejection of 
neutrons only and not of protons or alpha particles. 

Since at least one stable isotope exists of almost every atomic 
number from 1 to 83, and since energetic protons, deuterons, and 
alpha-particles ^ have been made available in considerable intensities 
by the development of high-voltage technique and of indirect 
methods of accelerating charged particles, it is clear that by suitable 
bombardment of any one stable element we may expect to produce 
a considerable number of nuclear species which lie, on the neutron- 
proton diagram, faiidy near the isotopes of which the target element 
consists. Some of the nuclei thus formed will be known stable 
isotopes of the bombarded element or its near neighbours, in which 
case no very striking evidence of their formation will appear. But 
others may correspond to gaps in the list of naturally occurring 
nuclei, and with few exceptions prove to be unstable, their presehoe 
being clearly indicated by the radiations (electrons, positrons, 
gamma-rays) which they emit subsequently during their spontaneous 
disintegration. 

The assignment of an observed radioactivity to a particular 
element may often be accomplished by bringing the activated target 
into solution, adding as “ carriers ’’ small amounts of the various 
elements to which the activity might possibly belong, making a 
chemical separation of these elements and determining in which 
fraction the activity is found ; this is, of course, only possible for 
activities of reasonably long life. The assignment to a particular 
isotope is usually more difficult and is achieved by comparison of 
several nuclear reactions which lead to the production of the parti¬ 
cular radioactivity in question. For example, the irradiation of 
silver (stable isotopes and *®®Ag) by slow neutrons produces 
two activities of half-periods 20 seconds and 2-3 minutes, electrons 

^ Neutrons and gatnma-rays in considerable numbers appear as by¬ 
products of nuclear reactions protiuced by charged particles. 
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being emitted in each case. It is plausible to assume that these 
are and ^'®Ag, formed by the capture of a neutron by the 

two isotopes, but we have no grounds for deciding which period 
to attribute to which isotope. However, since the irradiation of 
silver by energetic gamrna-rays produces two activities, one of which 
is identical with the 2~3 minute activity above-mentioned, one 
assigns this to ^“Ag, produced now by the removal of a neutron 
from '®*Ag. The other activity produced by the garama-ray irradia¬ 
tion is due to the removal of a neutron from ^®’Ag with the 
production of ^^•Ag and is a 22-minutc jx)8itron-emitter. 

We now turn to consider the various kinds of spontaneous 
radioactive change which nuclei may undergo. They are os follows : 

1. Electron emission. 

2. Positron emission. 

3. Electron capture. 

4. Gamma-ray emission. 

The emission of an alpha-particle is typical only of the heaviest 
nuclei and will not be considered here. 

In the first of these processes, the atomic number of the nucleus 
increases by unity (a nuclear neutron changing into a proton) ; 
in the second and third, the atomic number decreases by unity ; 
in the fourth, it remains unchanged. Any given nuclear species 
in a given state of excitation may be regarded as having a certain 
probability per unit time of changing in each of these four ways, 
each probability depending upon the nucleus and its state of excita¬ 
tion. Very often one or more of them may be zero ^ or negligibly 
small, and usually a single one of them is much greater than the 
other three combined, so that practically all the nuclei decay by 
the same process. Sometimes, as would be expected, two processes 
have comparable probabilities and there is a '' branching dis¬ 
integration with a single time ox)n8tant of decay for the two types 
of radioactivity. Though we cannot enter into details, some general 
remarks on the relative probabilities of the various processes may 
be of interest. In the first place, we must expect the heavier 
isotopes of any given element, which lie towards the upper edge of 
the stability band and therefore have an excess of neutrons, to 
show a general tendency towards electron emission, whereby their 
neutron-proton ratio is brought towards the optimum value. The 
lightest isotopes, on the other hand, should tend to emit positrons 
or to capture electrons. These tendencies are confirmed by experi¬ 
ence, as is illustrated in Fig. 2, but it should be made clear that 
they are only tendencies and that one sometimes finds a positron 

^ For a stable nucleus in its ground state, all four aro zero. 
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Fio. 2,—Neutron-proton diagram for nuclei of atomic numbens 45 to 49. 
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_I on p. 049. In cases of nuclear isomerism where the relative energies of the isomers are knowiii 

that of higher energy (i.*. the exettad state) is placed to the right. 
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emitter wliich is heavier than an electron-emitting isotope of 
the same element. The capture by a nucleus of an electron from 
the innermost or K-shell of its own atom is an interesting 
alternative to positron emission. Since energy me* is required to 
create a particle of mass m, and is liberated on its destruction,^ 
consideration will show that the capture of a K electron (in which 
process the electron vanishes) requires less energy to be available 
than does the emission of a positron (which requires the creation 
of the ]>ositron), the energy difference in favour of electron capture 
being equal to the energy of creation of a positron-electron pair 
(about a million electron volts) less the relatively small energy of 
ionisation of the K-shell of the resulting atom. Thus electron 
capture may be possible even when positron emission is energetically 
impossible. Sometimes the two processes occur os competitors in a 
branch disintegration as is for example the case for the zinc isotope 
•®Zn. There is some evidence that the seven-hour period assigned 
to ^®’Cd is of this character. Just as there are exceptions to the 
general rule that the electron-emitting isotopes of an element are 
heavier than the positron emitters so one occasionally finds a 
nuclear species which branches between electron and positron 
emission, or between electron emission and electron capture. An 
example of the latter type is the 8*2 day period of ^®*Ag. 

The probability per unit time that a nucleus having excess 
energy shall radiate it by gamma-emission apparently varies enor¬ 
mously from one instance to another. Frequently the transition 
occurs in an immeasurably small fraction of a second, as is usually 
80 when a nucleus captures a slow neutron. On the other hand, 
there is good evidence that certain nuclei have states of excitation 
which are stable for minutes or hours with respect to gamma-ray 
emission. This is the explanation currently accepted for the 
phenomenon of nuclear isomerism, by which is meant the existence 
of nuclei of identical atomic number and mass-number but different 
radioactive properties. For example in addition to the 8*2 day 
^®*Ag already mentioned there exists a silver isotope which from 
its mode of formation • appears to be ^^Ag but which decays with 
a 22-minute half-period, emitting positrons. It is believ^ that 
this is an excited state of ^®®Ag, sufficiently stable against transition 
to the ground state of 8*2 hours half-period for the emission of a 
positron to forestall that transition. Another example is ^^•In 
which is formed from the stable isotope ^^*In by the capture of a 
slow neutron, and which decays by electron emission to ^^•Sr with 
two distinct periods of 54 minutes and 13 seconds. There is also 
^ c is the velocity of light. ■ Of. p. 661. 



654 


SCIENCE PROGRESS 


evidence that an excited state of the stable isotope is radio* 
active with a period of 5-4 hours. Yet another example is ^®^Rh, 
where the upper level is believed to decay by branch reactions 
either to the ground state with emission of a gamma-ray, or to 
^®^Pd with the emission of an electron. These two transitions, 
being alternative modes for identical nuclei, have the same half- 
I^eriod (4 minutes); but the ground state of ^®^Rh is also unstable, 
transforming by electron emission to ^®*Pd with a half-period of 
44 seconds. 

The examples given above should serve to show that very great 
progress has been made in discovering what radioactive nuclei 
can be made and how they spontaneously transform. It remains 
mainly as a problem for the future to explain in terms of nuclear 
structure and nuclear forces why a given nucleus transforms as it 
does ; when this is done the reasons for the stability of the familiar 
nuclei of nature will no doubt appear as corollaries. 
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CROP PESTS AND DISEASES* 

By C. T. GIMINGHAM, O.B.E.. B.Sc.. K.T.C. 
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The importance of pests and diseases as factors affecting crop pro¬ 
duction will not be disputed, though since there is never a season 
in which infestations of greater or less extent do not occur, it is 
easy to fail to realise how great is their effect upon yields and 
quality. If, however, the attempt is made to assess the extent of 
the losses suffered and to express it in money value, great difficulties 
at onoe present themselves. In the first place, an estimate by 
mere inspection of crops is liable to be extremely inaccurate and 
misleading, and though determinations of the amount of damage 
done in a given crop can, in many instances, be made by examina¬ 
tion of samples with counts, it is a very laborious business. Next, 
supposing the extent of injury to have been reasonably closely 
determined, there is the further difficulty of deciding upon what 
basis to value the losses in financial terms. Destruction of produce 
is always a loss to a country as a whole, but to individual producers 
it may mean either loss or gain since reduced quantities may com¬ 
mand higher prices than could otherwise have been obtained, and 
in assessing the loss we have only market prices for guide. Figures 
of losses must therefore necessarily be unreliable but, however 
conservatively estimated, they run into many millions of pounds 
per annum in this country alone ; and though it may be argued 
that moderate attacks are only of slight importance to the indi¬ 
vidual grower, none can afford to ignore the risk of serious loss and 
must needs adopt protective or remedial measures. The cost of 
such measures is necessarily a dead loss and, on horticultural 
holdings, runs to a considerable sum per acre. 

The question of measuring the actual extent of loss due to the 
depredations of insects and diseases in any given case appears to 
be a somewhat neglected aspect of the subject. It has a very 
important bearing on the choice of suitable control measures. If 

^ The substance of a paper contributed to a discussion on ** The Practical 
Problems of Crop Production ** in Section M (Agriculture) at the meeting 
of the British Association at Cambridge in August 1988. 
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cost did not enter into the question, the scientist’s job of devising 
means of control would be a comparatively simple one, but he 
must take into account the relation between the expense involved 
in carrying out proposed measures and the value of the injuries 
that they are designed to prevent. Protective and control measures 
must be economically practical. This is perhaps a platitude, but 
it is emphasised since plant pathologists and entomologists are 
sometimes charged by farmers with being unpractical in their 
recommendations. It is, however, often a very difficult matter to 
judge the probable extent of damage to a crop and to decide whether 
measures of prevention or control will be economically justified, 
and more work is unquestionably needed on methods for obtaining 
a much closer estimate than is at present normally possible. The 
application of the simplest control measures is bound to cost some- 
tliing and it is probable that where losses are likely to be below 
a certain percentage (a figure which wUl differ very greatly according 
to the disease or pest concerned and the crop attacked) the best 
advice may be “ It is not worth while doing anything.” To be in 
a position to take this attitude, we need much more accurate data 
than arc at present available as to losses actually incurred from 
attacks of pests and diseases, and in passing it may be suggested 
that there is a line of work here that might profitably be taken up 
by research workers. It has up to the present received more 
attention in other countries than here. 

It follows, from the need to consider control measures strictly 
in relation to the value of the crop, that the problems are usually 
less difficult where the value of the produce per acre is high, since 
there is then likely to be a larger margin of profit. This is reflected 
in the results of research work in recent years which have led to 
greater advances in the control of pests of fruit and other horti¬ 
cultural crops than of purely agricultural crops. One may instance 
the methods now available for dealing with Apple Scab and with 
aphides (green fly) on fruit trees, with Raspberry Beetle, Apple 
Sawfly and Plum Sawfly, all important and destructive pests, for 
which, not many years ago, no means of control, or at best only 
unsatisfactory means, were known. It is not, however, desired to 
give the impression that the more specifically agricultural problems 
have been neglected, and the introduction of mercurial seed dressings 
for control of certain seed-borne diseases of cereals may be quot^ 
as an instance of progress on this side of the subject. 

It would be obviously impossible in a short paper to review 
adequately the pests and diseases of crops and means for thw 
control, and it would seem most useful simply to attempt to 
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indicate briefly some of the general principles underlying the work¬ 
ing out of control measurcjs. To do this, it is necessary first to 
consider the chief factors affecting the natural limitalion of the 
organisms concerned since our object should be to supplement 
rather than to replace such factors. 

It will be evident, in the first place, that climate and weather 
markedly influence the abundance of insects and fungi. Certain 
{>ests, for example, that cause much loss in other countries fail 
to establish themselves here although their food plants are grown 
in quantity ; and we have to thank our much maUgned climate 
wholly or partly for that. Studies of the precise relationships 
between meteorological conditions and particular pests or diseases 
are also leading to the accumulation of information which is helpful 
in attempting to define their possible geographical range, and in 
some instances, notably in America, this has been done with con¬ 
siderable accuracy. The subject is of much practical importance 
in connection with measures that may be taken to try to prevent 
the introduction of new pests into a country, for it is useless to 
enact legislation to keep out pests which could not establish them¬ 
selves if introduced. 

In other directions, too, the study of weather in relation to the 
movement and abundance of insects has given results of much 
practical value, and an interesting example concerns the possibility 
of growing stocks of seed potatoes relatively free from virus diseases. 
The investigations of Maldwyn Davies have shown that the meteoro¬ 
logical conditions in certain areas are such that the population of 
aphides (greenfly) which are carriers of virus diseases is at a minimum, 
and in such districts virus-free stocks can successfully be raised. 

A second important factor is the resistance to attack shown by 
the plants themselves. As is well known, different varieties and 
strains of both wild and cultivated plants exhibit wide differences 
in the extent to which they are subject to infestation by pests and 
diseases, some being highly susceptible, others highly resistant or 
even completely immune. Plant breeders can take advantage of 
such variability by attempting to raise new varieties incorporating 
high resistance or immunity with other desirable qualities, and it 
will be realised that where this can be successfully done, we have 
the most fundamental and satisfactory means of deeding with the 
problem, for artificial control measures then become no longer 
necessary. Considerable success has, in fact, already been obtained 
in some instances, particularly in regard to resistance to fungus 
diseases. For example, the well-known work of Professor Biffen 
with the Yellow Bust of Wheat may be recalled, in which, by 
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hybridisation, he successfully combined resistance to the Rust with 
other desirable qualities, work which led to the production of the 
variety Little Joss. In more recent years efforts have been made, 
and are continuing, in this country and also in Germany and the 
United States, to breed varieties'of potato resistant to “ Blight ” 
{Phytophthora infestans). The testing and selecting of seedlings 
and varieties of potato for resistance and immunity to Wart Disease 
is another example, and work on resistance to Anthracnose of beans 
is also in progress. There is here a fruitful field of work for the 
further attention of plant breeders. 

Instances of the production of new varieties of plants highly 
resistant to insect pests are less numerous, but mention may be 
made of the long-continued investigations at Oxford on the breeding 
of oats resistant to Frit Fly, which have reached the stage of practical 
trials with certain promising strains. 

A third factor of no less importance, affecting the natural Umita- 
tion of insects and fungi, is the effect of natural enemies of the 
IJests or disease-producing organisms. Parasites and predatory 
insects, birds, and certain mammals, fungous and bacterial diseases 
all take their toil of insect pests ; and fungi are also subject to 
attack by certain insects and by other fungi. Of these, insect 
predators and parasites are the most important. They may be 
entirely responsible in certain instances for preventing the numbers 
of a potential pest from reaching the level at which it becomes 
harmful; a balance normally ensues, determined, in the case of 
parasites, mainly by the relative rates of reproduction of the parasite 
and its host under the prevailing conditions. In special circum¬ 
stances the introduction of natural enemies of particular insects 
has led to strikingly successful practical results and further work 
is likely to extend the usefulness of such biological control methods. 

It must not be thought that the various factors mentioned act 
in isolation. The relative abundance under natuitil conditions of 
a pest or disease is the resultant of the interaction of any or all 
of them : climatic conditions, host plant resistance, natural miemies, 
available food supply. As Dr. W. R. Thompson has put it: “ Out¬ 
breaks of species are simply due to the fact that conditions momen¬ 
tarily correspond or approximate to the ecological optimum ; con¬ 
trol means simply a departure in one or many directions from 
optimum conditions to the point where the species is just able to 
maintain itself.” The ultimate practical aim of the study of the 
various natural agencies acting upon pests and diseases is to place 
us in possession of accurate data on which to base methods for alter¬ 
ing the conditions in favour of the crop—^.e. methods of eontrei. 



CEOP PESTS AND DISEASES 


659 


We may roughly classify control measures into two main groups; 

(o) Those which are aimed directly at destruction of the pest 
or disease organisms ; these are usually chemical or mechanical 
measures, though biological control methods also come under this 
heading. 

(6) Those which are aimed at assisting the crop to escape from 
attacks or at any rate to avoid the more serious forms of injury. 
The production of resistant varieties and certain cultmal measures 
come under the second group. 

It is not proposed to discuss direct methods of control by the 
use of insecticides and fungicides, for the subject cannot be use¬ 
fully treated in very brief fashion. It is, however, necessary to 
say that insecticides and fungicides (sprays, dusts, poison baits, and 
other forms) are at present our chief weapons in the fight against 
pests and diseases of crops. In a sense they are palliatives and 
we may imagine a time in the future when only immune varieties 
of cultivated plants will be grown or when cultural methods are 
so well understood and applied that the natural resisting power 
of the crops will be such that pests and diseases affect them little. 
At the moment, however, this state of affairs seems a long way off; 
we must continue to look to chemical methods as our chief means 
of control, at any rate so far as horticultural crops are concerned, 
and it is indeed in this direction that most progress has been made. 

We come therefoi’e to control measures that may be conveniently 
grouped under the term cultural. Most of the ordinary processes 
of crop husbandry, in so far as they aim at the production of healthy, 
vigorous plants, may be said to have an effect on the extent to 
which the resulting crops suffer from infestation by pests and 
diseases since, other things being equal, healthy crops may be 
expected on the whole to be more resistant than those in poor 
condition, or at least better able to withstand attack. Sir Albert 
Howard has recently stressed this point of view in several cogent 
addresses and papers. He holds that insects and fungi attack only 
unsuitable varieties or poorly grown crops and that all our efforts 
should be directed towards the production of perfectly healthy 
plants, in particular by seeing to it that the supply of humus in 
the soil is well maintained. On this view, it is a mistake to use 
insecticides or fungicides since the i^ests or diseases are useful in 
indicating crops poorly grown or unsuited to the particular soil or 
climate—and such crops should" either be better grown or their 
cultivation abandoned. Although probably few biologists find it 
possible to go the whole way with Sir Albert Howard, it is most 
valuable to have had attention drawn so strongly to the important 
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influence of the factor of plant health on infestation by pests and 
diseases. That many other factors (some of which have been referred 
to) are also concerned seems certain, and the difliculty is to dis¬ 
entangle the effect of the health factor from the others. Instances 
of severe attacks upon apparently healthy and vigorous crops can 
be cited, and we catmot afford to abandon measures aimed more 
directly at control or protection. 

The importance of cultural control measures in this connection 
is apt to be underestimated. It is true that they are rarely com¬ 
pletely effective, but in a great many instances their judicious 
use at the appropriate time may greatly reduite losses from pests 
or diseases and they are usually cheap as compared with the use 
of insecticides or fungicides. Measures such as the application of 
fertilisers or thorough cultivation, ploughing, or rolling, may at 
times so help the crop that it is enabled to grow away from attack. 
Such methods are, for example, frequently helpful in reducing the 
harmful effect of wireworms, and since chemical methods against 
this pest, such as the application of soil insecticides, are seldom 
economically practicable at present, suitable cultivation has to be 
relied on to a great extent in our efforts to keep it in check. The 
satisfactory control of wireworms, one of the most troublesome of 
agricultural pests, is, however, still an unsolved problem, and it is 
one to which investigators are giving special attention at the present 
time. In spite of all the work that has been done on the subject 
(a review of the literature, published in 1930, listed more, than 
470 papers and there have been many since) there is still much to 
be learned about wireworms. 

An interesting example of the possibilities of cultivation as a 
control measure is the outcome of quite recent work at Rothamsted 
Experimental Station on the “ Take-all ” or “ Whiteheads ” disease 
of wheat due to the fungiis Ophiobolus graminis. The fungus per¬ 
sists on the infected stubble and only slowly disappears through 
natural decomposition. It appears that the rate of its disappear¬ 
ance is closely associated with the numbers and activity of the 
micro-organisms in different soils, and it has been found that their 
activity may be increased and the destruction of the fungus hast^ed 
by incorporation of additional organic material with the stubUe 
and by subsequent cultivations of the soil. Further field work on 
the subject is in h«md, and it is possible that similar methods may 
be applicable in connection with other fungi in infected plant 
residues. 

Clean culture and destruction of weeds are also important in 
relation to pest and disease control, for weeds often sonre as host 
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plants on which populations may be built ui> ready to infect the 
crop when it reaches the appropriate stage. 

Alteration of the time of sowing or planting, or the use of 
varieties naturally earlier or later than the normal, is another means 
which may enable crops to escape attack, and has proved ftf)ecially 
valuable in dealing with certain pests of cereals, such as the Frit 
Fly and the Hessian Fly. The latter was formerly a most destruc¬ 
tive insect in America, but is now little feared, since the precise 
time for sowing, in order to esC/ape its attentions, is known for all 
the important wheat areas. 

Finally, under the heading cvUural means is the important subject 
of crop rotation. Where the same crop is grown for a number of 
years in succession on the same land, or on closely adjoining areas, 
the chances of infestation by pests and diseases are at a maximum, 
and one of the advantages of the ordinary practice of rotation of 
crops is to diminish this risk. Obviously no hard-and-fast rules 
can be laid down, since so many considerations other than pest 
control must be taken into account; but as a general principle, 
wherever conditions allow, a crop should be grown as far removed 
as possible, both in time and space, from fields carrying the same 
crop or other crops susceptible to the same pests and diseases. 
This is perhaps a counsel of perfection, but the matter undoubtedly 
deserves more attention than it often receives and avoidable losses 
are not infrequently incurred by failure to bear it in mind. It is 
probable that the apparent spread of the Take-alldisease 
referred to above, is connected with changes in methods of farming 
in which the interval between cereal crops is shorter than in the 
older rotations. It is, no doubt, present-day economic conditions 
that lead to neglect of the old principle of rotation, but such neglect 
will almost inevitably involve certain penalties. 

Crop rotation and the resting of land for some years from a 
particular crop are of special importance in connection with certain 
pests, of which the Potato Root Eelworm is a prominent example. 
This eelworm is associated with the ** Potato Sickness *’ which has 
caused such serious losses in recent years. The problem of its 
control is one of special difficulty and has been and continues to be 
the subject of intensive investigation by research workers. Progress 
is being made in various directions but no economically practical 
and generally effective method for destroying the eelworms in 
infected land has in fact yet been found. To avoid growing potatoes 
year after year on the same land seems to be at present the only 
way to prevent infestations from reaching serious proportions ; in 
areas where the jiest is abundant, it is risky to grow potatoes more 
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than once in four or five years, and a small point, perhaps worth 
mention, is the importance of removing and destroying the odd 
plants that will grow from tubers left in the soil (“ volimteer ” 
plants) in the intervening years. There are several strains or races 
of the eelworm that attack varions plants, but the potato race is 
not known to infect any other usual farm crop, so that no special 
precautions in that connection are necessary. These other strains 
of the Root Eelworm, which attack oats, sugar beet, and peas, are, 
however, becoming of increasing importance also, because of the 
tendency to grow these crops too frequently on the same land. 

As another example, certain troublesome pests of peas—the 
Pea Midge and the Pea Thrips—are exceedingly difficult to deal 
with except by resting the land from this particular crop, and in 
certain districts in Switzerland where these pests cause serious 
losses, a regular rotation over wide areas is made compulsory. 
Similarly, in certain areas in the United States, the growing of crops 
of peas in the same districts, without a suitable interval, is prohibited 
officially. 

Closely related to the question of rotations is the bearing on 
the relative severity of infestation of the increasing tendency to 
specialise in particular crops in certain districts. By growing the 
same plant over wide areas, inevitably conditions are made even 
more favourable for the insect and fungus enemies of that plant 
than where general mixed farming is the rule. It may be that 
under modem conditions this tendency towards concentration of 
crops of the same kind in particular areas is inevitable, and it is 
well that we should face the fact that, with increasing specialisation, 
there is likely to be an increased incidence of pests and diseases 
and that the correct application of suitable control measures will 
become more, not less, necessary. Continually more favourable 
conditions for rapid multiplication of pests are being provided in 
the larger and larger “ single crop ” areas. 

Though it seems certain that, for a very long time, work on the 
direct problems of control of pests and diseases must take precedence, 
yet it is of the utmost importance that the longer-range problems 
concerning the plants themselves and the environmental factors 
affecting their response to attack should receive more attention. 
Entomologists and mycologists concerned with the direct study of 
the insects and fungi attacking plants and of bacterial and virus 
diseases will be in a better position to make their contribution to 
the outstanding practical problems of control when they are in 
possession of fuller information about the part played by the plant 
itself. 



THE HYDROGEN BOND AND OTHER LINKS 
BETOEEN MOLECULES 

By J. MONTEATH ROBERTSON. M.A., Ph O.. D.Sc. 

Davy Faraday LaharaUtry, Royal IfuditutioH, 

The group of atoms which constitute a “ molecule ” in the usual 
sense is generally held together by forces very much greater than 
those which unite cicljacent molecules in the solid state. Were the 
intermolecular forces as strong as those holding together the atoms 
within the molecule itself we might exp)ect the crystals of organic 
oomjKiunds generally to be as hard as diamonds, instead of which 
they are frequently among the softest substances known. When 
ordinary hydrocarbons, like paraffin wax or naphthalene, are dis¬ 
solved or vapiorised, the weak binding forces between the molecules 
readily give way. The molecules come apart as individual units 
and retain their identity. 

It has long been known to chemists, however, that the molecules 
of certain organic compounds, especially those containing oxygen 
and hydrogen, do not separate so completely into individual units 
when dissolved or vaporised. They are “ associated in some way, 
and remain together in small groups. Furthermore, it is well known 
that the crystals of such compounds, of which the sugars are typical, 
are considerably harder and more brittle than those of hydrocarbons 
like naphthalene. It would appear, therefore, that the forces which 
hold together the molecules of these associated compounds are some¬ 
how intermediate in character between the very weak, residual, or 
“ van der Waals ’’ forces which unite ordinary organic molecules 
(hydrocarbons, etc.) in the solid state, and the much stronger forces 
which unite the atoms in the molecules themselves. 

The powerful X-ray methods which have recently been developed 
for studying matter in the crystalline state (see, for example, Soibnoe 
Progress, 32 , 246, 1937) have thrown a great deal of light on the 
manner in which different types of molecule link themselves together, 
and the results are particularly interesting when we contrast the 
‘‘ associated organic compounds with the more ordinary hydro¬ 
carbon type. In this article we consider first very briefly some 
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chemical facts bearing on such association, and then review the 
matter in the light of recent X-ray results from the solids. 

Cukmioal Aspects 

The association of hydroxylic compounds has been familiar to 
chemists for about half a century. Carboxylic acids, alcohols, and 
phenols are well known to yield a variety of abnormal physical data, 
leading to high molecular weight values. The acids are usually 
found to be dimeric, in non-associated solvents, and with formic and 
acetic acids the double molecules persist even in the vapour at the 
boiling point. With the alcohols and phenols, on the other hand, 
the poljTnerisation may be less in dilute solutions but can go on 
apparently to much higher upper limits. 

In all these cases the power of jX)lymeri8ation appears to reside 
in the OH group. Oxygen and hydrogen both appear to be neces¬ 
sary. There are, however, other compounds without oxygen, but 
containing instead the neighbouring elements in the periodic table, 
nitrogen or fluorine, which are also found to associate in this way. 
HF and HCN are examples. The conclusion seems to be that the 
hydrogen atom at least is one essential constituent in such poly¬ 
merisations, and hence the conception of an intermolecular hydrogen 
bond arose. The term hydrogen bond,” although generally used, 
is not a very good one in this connection as it might equally well 
denote the usual covalent link by which hydrogen is attached to 
another atom in any ordinary compound. For the intermoleci^r 
link, “ hydrogen bridge ” is probably a better term, as employed 
by Huggins. 

The essential role of the hydrogen atom in such linkages between 
molecules was first clearly formulated in terms of the electronic 
theory by Huggins, and by Latimer and Rodebush, in 1920 
(J, Amer, Chem. Soc., 42 , 1419, 1920). Tliey argued that in NH„ 
hydrogen is readily added to form ammonium compounds, but there 
is little tendency to give up hydrogen. In HCl, on the otlier hand, 
the tendency is just the reverse. Hydrogen is readily given up, but 
not added. Now H,0 is intermediate. The tendencies to add and 
to give up hydrogen are almost equally balanced, as shown by the 
formation of the ions H,0^ and OH““. Thus they supposed that 
a free pair of electrons on the HfO molecule might exert sufficient 
force on the H of another HiO molecule to bind the two molecules 
together: 

H 

•• •• 

H 
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The process might go on to unite more than two molecules, the 
hydrogen acting as acceptoi* for two electrons from the oxygen as 
donor. The situation was later formally represented by means of 
co-ordinate links: 

R R R 

OH OH OH 

Sidgwick and his co-workers from 1915 onwards had realised 
the necessity for such an explanation of the peculiar properties of 
certain ortho-substituted phenols and enolised jS-diketones (J. Chem. 
/Soc., 527, 1924 ; etc.). The association which would normally be 
expected in such hydroxy lie compounds is decreased or eliminated, 
and this can most readily be explained by assuming an intra¬ 
molecular bridging through the hydrogen in these compounds, as 
shown by the formulfie : 

H 
o 
H 

These conceptions, however, are revolutionary because they give 
the hydrogen atom a covalency maximum of 2. From the chemical 
point of view this appears to be definitely necessary, as we have seen. 
But on the physical side it soon became clear that this view was 
untenable in so far as it implied a group of four shared electrons for 
the hydrogen atom. The hydrogen atom can only have two electrons 
in the first quantum group, and as for the second group, it was 
I)ointedout by Pauling (J. Amer. Chem, Soc,, 53, 1367, 1931) that 
no strong enough bonds could be formed. He proposed a purely 
electrostatic structure for the hydrogen bond, e.g, instead of 

we should have [F'H^P”]~ and he showed that there is some 
evidence for the ion [0™H+0”]- 

More recently it has been pointed out that the theory of resonance 
may give the most satisfactory explanation of the hydrogen bond 
(Sidgwick, Chem. 8oc. Annual Report*, 31, 40, 1934). The hydrogen 
atom may belong to one or the other of the two molecular structures 
involved in the resonance, and the resulting system will have a lower 
potential energy and be more stable than the unoombined form. 
n»e theory is very attractive, and depends largely on the evidence 
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of infomuolear distanooB obtained by diffiraetJon measniementa, 
which w© consider more fully in the following pages. But the whole 
question of intermolecular resonance is a difficult one, and its 
investigation by modem physical methods is only just beginning. 

Physical Methods of Investigation 

We now come to consider the more precise picture of these 
molecular associations obtained by modern physical methods of 
investigation, particularly by the determination of crystal structures 
by X-ray analysis. These measurements have played a large part 
in giving definite information about the hydrogen bond, and it is 
now possible to study very precisely the manner in which molecules 
group themselves together in the solid state. With regard to the 
actual mechanism of association, however, diffraction measurements 
themselves cannot be conclusive, because of their inability to locate 
the hydrogen atom directly. The scattering power of the hydrogen 
atom for X-rays is "so small compared with that of the neighbouring 
oxygen atoms that its actual position has never been determined 
directly in any of these experiments. 

Spectroscopic methods overcome this difficulty, and by this 
means it is sometimes possible to estimate the distance between a 
hydrogen atom and its neighbouring oxygen atom. In associated 
hydroxylic compounds a shift of the characteristic OH frequency is 
obtained, indicating a modification of this group. The complete 
analysis of these results is a very complicated matter, and not by 
any means complete, although a great deal of work is at present 
being carried out in this direction. A discussion of the results at 
their present stage is beyond the scope of this article. 

Another important line of investigation relating to the mechanism 
of association has recently been commenced by means of experiments 
with the heavy isotope of hydrogen. Isotope substitution has no 
effect on the electronic situation, but must lead to important vibra¬ 
tional differences which affect the intermolecular approach distances. 
Further reference to these experiments is made in the last section. 

X-Bay Results. Hydbooabbons and Non-assooiatbd 
C klMPOUNDS 

An essential feature of any crystal is its periodic structure. It 
consists of a regular array of identical units, as in Fig. 1. Each 
of these units may consist of an atom, a molecule, or even a group 
of molecules, but in every case th^ is some distribution of deofrons 
capable of scattering X^ys. If X-rays are incident on the crystal, 
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at certain definite angles (0) we get a strong difiraoted beam in 
accordance with the Bragg relation 

nA = 2d sin 0.. 

In this way we can determine d, the spacing of the crystal planes, 
and so find out the distances between the structural units which 
build up the crystal. If these units are single atoms, the analysis 
is simple. But if they consist of complex molecules, as in the 
structures wo are now studying, the analysis is much more com¬ 
plicated. It is then necessary to find out the arrangement of the 
atoms within the molecule, and the orientations of the molecules 
relative to each other. 

This is done by studying the intensities of the diffracted beams 
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from a large number of different crystal planes. Each recorded 
intensity gives a measure of the distribution of scattering electrons 
normal to the plane in question, and by a mathematical analysis 
of the results from many planes it is often possible to derive an 
accurate picture of the electron distribution, and determine the 
positions of all the atoms. We deduce in this way not only the 
structure of the molecule itself, ».e. the relative positions of all the 
atoms in one of the circles of Fig. I, but also the precise arrange¬ 
ment of these molecules with respect to each other. It is with this 
latter aspect concerning the grouping of the molecules that we are 
at present concerned. 

It should be mentioned that a lengthy research is generally 
involved in these accurate determinations of structure, and con¬ 
sequently the number of examples which we can study is limited, 
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It is now possible, however, to contrast the molecular grouping of 
some typical hydrocai’bons (non-associated) with that of certain 
hydroxylic compounds (associated). The results are expressed by 
means of skeleton diagrams drawn to scale (Figs. 2-7) which repre¬ 
sent normal projections of the structures along certain crystallo¬ 
graphic directions. As the molecular planes are frequently inclined 
at high angles to these projection planes the distances between the 
atoms in the diagrams are often foreshortened to a considerable 
extent. Nevertheless, the figures express clearly the general char¬ 
acter of the molecular grouping. 

Fig. 2 illustrates the arrangement in durene (sym. tetramethyl- 
benzene). The very open stracture with large gaps between the 

,Xi )1, tf 

\4.ia 

.u u u' 

Fio. 2.—Burene. 

molecules is t 3 rpical of compounds of this class, where the outer 
parts of the molecule are completely saturated with hydrogen atoms 
and no electronegative groups are present. Only wetdc, residual or 
van der Waals attractive forces bold the structure together, and the 
crystals have a soft, almost soapy texture. The hexamethylbenzene 
arrangement (Fig. 3) is very similar (although in this case the planes 
of the molecules practically coincide with an important crystal plane 
which has been chosen as the plane of the drawing, and so none of 
the distances appear foreshortened). In all these drawings a few 
‘ of the minimum intermolecular approach distances between the 
carbon atoms ^ are indicated by dott^ lines with the values written 
alongside in Angstrom units. In durene and hexamethylbenzene 

^ As it/ is impossible to locate the hydrogen atoms by X-ray analysis, 
they are not represented in any of the drawings. The dotted lines o<mneot 
the nuclei of the heavier atoms. 
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these minima range from 3*9 to 4*2 A, and we may especially note 
that there is no particular order in the arrangement of the dotted 



a 

Kio. 3. -Hexamethylbonzoiie. 


lines. Many other approach distances nearly as short as these can 
be found, and there is c^ertainly nothing in the nature of inter- 



a 

Flo. 4.—Naphthalene. 


molecular “ bonds ” uniting the molecules. They are simply packed 
together in the most economical way. 

In the aromatic hydrocarbons the situation is very similar, but 
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the minimum distances are somewhat less. Many examples have 
been determined, and the minimum distances are found in general 
to range from about 3-5 to 3-8 A. The arrangement in naphthalene 
is shown in Fig. 4. The planar aromatic skeletons consist of approxi¬ 
mately regular hexagon rings, but these are inclined at about 65® 
to the plane of the drawing. Alternate molecules lie above and 
below the plane of the drawing, and are oppositely inclined to it. 
These details do not seriously affect our general view of the structure, 
and we see again that it is largely a matter of convenient packing. 

It is now of interest to compare these results with a similar organic 
compound containing oxygen, but not the associating group OH. 

O - 

11 + 

/ \ 

The molecule of benzoquinone ll contains strong dipole 

\/ 

il + 

O - 

groups, and we might well ex|)ect some closer grouping in the crystal 


a 


Fia. 5.—Benzoquinone. 

that would tend to bring these oppositely charged parts into proxi¬ 
mity, especially as there are no surrounding hydrogen atoms attached 
to these groups. We find (Fig. 5) that the minimum approach dis¬ 
tance does occur between the positive carbon and negative oxygen 
of neighboimng molecules, but the separation is still as large as 
’ 3-4 A, not very much less than in the aromatic hydrocarbons. 

Associated Compounds 

Now let us examine a structure isomeric with benzoquinone 
except for the addition of a hydrogen atom to each of the ketonio 
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oxygens, Hydroquinone would be the best example, but the crystal 
analysis is complicated by various factors. Instead, we take re¬ 
sorcinol, the meta-derivative, and the projection is given in Fig. 6. 
The situation is now suddenly and drastically changed. All the 
hydrox}^ groups are directed towards each other, and the approach 
distancvos drop from 3-5 to 2*7 A, between the hydroxyl groups only. 
All other intermolecular distances are as usual greater than 3*5 A. 
There is now definite order and arrangement in the dotted lines. 
The hydroxyls are neatly grouped together and evidently govern 
the whole situation. The groups of four are actually spiral arrange¬ 
ments extending throughout the crystal, but this cannot be shown 
in the yjrojection, and it does not affect the present discussion. The 
angles between the dotted lines, when allowance is made for the 
perspective of the drawing, are found to be close to the tetrahedral 
value of 109°. 

There is something peculiar about the structure apart from the 
nearness of approach of the molecules, because taking it all over, 
it is a comparatively open structure. The density is only 1*28. In 
anthracene the density is 1*25, and in benzoquinone 1*33. Now this 
low density of resorcinol compared with benzoquinone is maintained 
in spite of a decrease of 0*7 A in the minimum approach distances 
between the molecules. It is evident that we are dealing here not 
only with some kind of intermolecular bond, but with bonds which 
have considerable directive power, and are able to maintain an 
unusually open structure. 

The situation reminds us at once of the structure of ice, wliich 
consists of an unusually open tetrahedral arrangement of oxygen 
atoms, 2*76 A apart. The oi)en structure of ice and the directive 
power of the bonds which maintain it are shown by the fact that when 
ice melts the resulting water has a higher density. The open 
structure has evidently collapsed to some extent. 

An interesting analogy to this behaviour has recently been dis¬ 
covered in the case of resorcinol (Robertson and Ubbelohde, Proc. 
Roy. Soc.y A, 167 , 122, 1938). When ordinary resorcinol (a-resor- 
cinol) is heated to about 74° C. it does not melt, but we may say with 
some justification that the hydroxyl bonds melt. The crystal struc¬ 
ture changes, and the molecules rearrange themselves to form a new 
structure of considerably higher density (1*33 instead of 1*28). 
When this dense, high-temperature form, called /S-resorcinol, is once 
achieved it is reasonably stable and only slowly reverts to the 
ordinary form. It is possible to obtain crystals of the two forms 
simultaneously, and they differ widely in habit and general pro¬ 
perties, as can be seen from Plate I. The long needles, sometimes 



SCIKNCE PBOOEES8 


672 

joined at definite angles, are the a- or low-temperature form, while 
the plates, which in some cases actually grow out of the needles, 
are the /?- or high-temperature form. 

The transformation in resorcinol can be studied more accurately 
than the ice-water change. We do not know the exact arrangement 
of the molecules in water, but the structure of the high-temperature 
form of resorcinol has been completely worked out by the X-ray 
method, and the arrangement of the molecules is shown in Fig. 7. 
The ojwn, directed structure of the low-temperature form (Fig. 6) 
has dimppeared, and the molecules have now achieved a more parallel 
and compact form of grouping which is reminiscent of the hydro¬ 
carbons. 

The exact mechanism of the change is somewhat difficult to 






Fio. 7.—^^-Resorcinol* 


follow. When the temperature is raised the rigidity of tiie resorcinol 
molecule appears to break down to some extent, with considerable 
distortion of the hydroxyl bonds. The molecules can thus achieve 
a lower van der Waals and polarisation potentiid, and a more com¬ 
pact structure of higher density results. The hydroxyl bonds, which 
have re-formed in the /3-structure, are somewhat longer and the angles 
between them now depart considerably from the tetrahedral value. 
The energy of transition is small, and apparently the lower van der 
Waals and polarisation energy of the dense /3-form compensates to 
a considerable extent the higher strain energy of the bonds. 

The essential point for our present discussion is that, just a* io 
water, a new and more dense arrangement has bemi formed at a 
higher temperature. This unusual result is possible because the 





OryMtalfl of « and fi resorcinol. « (ncMMUets), p (plates). 
{Htiprinied by p^rmiMion of the Hoyal Society.) 
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directive power of the intennoleoular bonds in the low temperature 
or ordinary form mcuntain a very open structure. 

This example has been extensively studied because of its many 
interesting applications, but strongly directed hydroxyl bonds are 
not unusual. In fact, they are characteristic of the OH group. In 
pentaerythritol, C(CH»OH) 4 (Llewellyn, Cox and Goodwin, J. Chem. 
80 c., 888,1937), and in oxalic acid dihydrate (Robertson and Wood¬ 
ward, J. Chem. Soe., 1817, 1936) the arrangement of the h 3 rdroxyl 
bonds is very similar to that in resorcinol. Illustrations of these 
structures will be found in Soienck Progress, 32, 246, 1937. 
Numerous examples in inorganic chemistry are also known, and a 
good survey of these has been given by Bernal and Megaw {Proc. Boy. 
80 c., A, 151, 384, 1935). 

Stronger types of intermolecular hydrogen bond, characterised 
by a still closer approach of the related groups, are also known. 
In these a hydrogen atom is usually attached to only one of the 
adjacent groups, e.g. C=0 and C—OH. An example occurs in 
oxalic acid dihydrate, where there is one approach of only 2-52 A, 
together with larger distances like those in resorcinol. In NaHCOt 
and KHtP 04 the approach of certain oxygen atoms with a hydrogen 
atom between is again only 2-65 A (Zachariasen, J. Chem. Phys., 
1, 634, 1933 ; West, Z. Krist., 74, 306, 1930). In KHF, the FHF 
bridge may be even shorter, a value of 2'25 A having been reported 
(Bozorth, J. Amer. Chem. 80 c., 45, 2128, 1923). An interesting 
NHN bridge of about 2-65 A occurs within the phthslocyanine mole¬ 
cule (Robertson, J. Chem. 80 c., 1196, 1936). 


DisotrssiON or Mbohanism 

The most striking fact which has emerged from the diffraction 
measurements on associated structures is the great decrease in the 
normal intermolecular approach distance. In many cases this 
amounts to nearly an Angs^m unit. This fact in itself gives strong 
support to the view that some form of intermolecular resonance is 
involved. But the matter is complicated, and it might for example 
be possible to expliun the hydrogen “ bonds ” solely by electrostatic 
attractions, due largely to the unique property of the hydrogen atom 
of containing no inner electrons and so permitting a close approach 
to another atom without contributing to the repulsive forces. This 
consideration undoubtedly does play a large part. As the X-ray 
measurements fail to determine the position of the hydrogen atom 
we must oonrider briefly some other lines of investigation bearing 
on the problem of mechamsm. The main question involved is 

XX 
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whether it is necessary to assume the existence of special resonance 
forces. 

The spectroscopic results reveal, as we have seeU) a considerable 
shift of the OH frequency with association, and this points to a 
certain modification of the OH group. The alteration, however, 
is stated not to be enough to change the force constant or alter the 
position of the hydrogen atom very much ; not enough, for example, 
to allow the hyi'ogen atom to be placed midway between the two 
oxygen atoms which are involved in the bridge. It is reasonable 
to expect that further analysis will define the position more clearly. 

A new line of investigation, in experiments involving the sub¬ 
stitution of deuterium for hydrogen, has rec/cntly given interesting 
results (Ubbelohde, Trans, Faraday Soc,, 32, 525, 1936 ; Robertson 
and Ubbelohde, NcUure, 139, 504, 1937). In an isotope substitution 
of this kind, the electronic situation is not changed, but there is an 
important vibrational difference, in that deuterium has a smaller 
zero point energy than hydrogen, in the ratio 1 : \/2, This should 
have a definite effect on most intermolecular distances where 
hydrogen atoms occur on the outer parts of the molecules concerned. 
In general, for normal intermolecular grouping, we would expect 
slightly closer approach distances for the deuterium compounds, in 
keeping with the smaller space requirement of the deuterium atoms. 
This seems to be borne out by experiment. For example, in the 
ionic lithium hydride lattice the spacing has been reported to show 
a decrease of from 4*080 A to 4 *060 A on the substitution of deuterium 
(Zintl and Harder, Z, Physik, Chem,, 28B, 478, 1935). For co¬ 
valently bound hydrogen, as in the hydrocarbons, there are no direct 
measurements, but from a study of the relative densities of CgHf 
and C«De, for example, it can be inferred that there is a change 
in the same direction, i.e. a small contraction in the intermolecular 
distances on substituting the heavier isotope. 

On the other hand, if intermolecular resonance between two or 
more structures should be involved, we have a different situation. 
The problem is a comi)licated one, but for a rough qualitative 
treatment we may simplify it by considering only the two oxygen 
atoms involved in a hydrogen bridge, with the hydrogen (or deute¬ 
rium) atom somewhere between them. We neglect the rest of the 
molecule. If the oxygen atoms are far apart, the hydrogen will be 
attached to one of them, and it will have to pass a considerable 
energy barrier to reach the other. As the oxygen atoms are brought 
closer together the passage of the hydrogen atom from one to the 
other is facilitated. Now the hydrogen atom with its higher 
frequency of vibration and larger amplitude (greater zero point 
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energy) will maintain a higher position on the potential energy curve 
of the structure than the deuterium atom, and will consequently 
possess a greater tendency to tunnel through the barrier to the other 
oxygen atom than that possessed by a deuterium atom in the same 
situation. 

The conclusion from this argument is that there should be a 
greater tendency for intermolecular resonance when a hydrogen atom 
is involved than when a deuterium atom is involved. If the inter¬ 
molecular bond is due to such resonance, then we should expect 
greater resonance and stronger bonds with shorter distances, for 
hydrogen compounds than for conesponding deuterium compounds. 
In other words, we would anticipate a reversal of the normal effect 
—an expansion of the intermolecular spacings on substituting 
deuterium instead of the contraction experienced in non-associatod 
structures. 

This conclusion has been tested by experiment for a large number 
of substances (Robertson and Ubbelohde, Proc, Roy, Soc,, A, 1939, 
in press). In oxalic acid dihydrate, which is characterised by a 
very strong hydrogen bridge of 2-52 A, a marked expansion of the 
spacings is found to occur. The expansion is directional and can 
be explained by assuming a considerable expansion of the 2-52 A 
bridge accompanied by a smaller contraction of the other longer 
intermolecular links, NaHCOs also shows an expansion, but of 
smaller amount. Other small expansions are recorded for various 
carboxylic acids, and for a-resorcinol. In /J-resorcinol and in ice 
there is very Uttle effect. It should be noted, however, that no effect 
means that the normal effect (contraction) has been compensated 
m some way. 

The provisional conclusion from these experiments is that in the 
shorter types of hydrogen bridge at least special resonance forces 
do seem to play some part. 



THE DIRECTIONAL SENSITIVITY OF 
THE RETINA 

By W. 8. STILES, Tii.D. 

The National Physical Laboratory, Tn/dtnyton 

Apparent Brightness and Pupil. Area 

It has generally been assumed that the apjKirent brightness of a 
surface is proportional to the area of the pupil of the viewing eye. 
By this is meant that if the area of the pupil is increased, let us 
say doubled, and at the same time the actual brightness of the 
surface is reduced to one-half, then the surface will appear to the 
eye to have the same brightness as before the change. Thus the 
eye was assumed to act in this respect like a simple camera in 
which the blackening of the photographic plate is determined, for 
a fixed exposure, by the product of the brightness of the object 
photographed and the area of the camera stop. Recently, how¬ 
ever, it has been found that the apparent brightness perceived by 
the eye does not follow this simple law, the discrepancy. being 
most marked when the pupil is large. The assumption of propor¬ 
tionality between apparent brightness and pupil area leads to no 
conclusions which are readily checked by observation under ordinary 
conditions of vision. The failure of the law was first brought to 
notice by the anomalous results obtained with an instrument 
designed to measure the area of the pupil by a photometric method. 

In this instrument the eye viewed a photometric field divided 
into two halves, U and L (Fig. 1(a)). The upper half U was illu¬ 
minated by the method of Maxwellian view, an image of the small 
source Si being formed by the lens I at the centre of the pujiil of 
the observing eye O (Fig. l(fr)). All the light in this beam was 
collected by the eye and the apparent brightness of U was inde¬ 
pendent of the pupil size. The lower half L, on the other hand« 
was illuminated by the diffuse light from the opal glass D and the 
cones of rays from each point of L completely filled the pupil of 
the eye at O. Thus the apparent brightness of L depended on 
the pupil size. The idea of the instrument was to match the bright¬ 
nesses of U and L by varying the calibrated optical wedge W and 

676 
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to deduce from the readings the size of the pupil under different 
conditions of illumination. P jpil diameters obtained in this way 
never exceeded 5-6 mm., even when the pupil was fully expanded 



and flashlight photography gave values round about 8 mm. A 
discrepancy of this kind would arise if a given flux of light entering 
through the outer zones of the pupil contributed less to the apparent 
brightness than an equal flux entering near the centre. 

LuMiNoirs Efficikncy of Rays bktering thk Pupii, at 
Different Points 

The above suggestion was tested directly using a modified 
apparatus in which both halves of the photometric field were illu¬ 
minated by the Maxwellian method (Fig. 1(c)). The converging 
beam from one half of the field (Y) was brought to a small focus 
at the centre of the pupil. The converging beam from the other 
half (X) could be turned through small angles so as to bring the 
focus to any desired point of the pupii aperture. 

Suppose that to obtain a brightness match in the apparatus 
the beam from X had to be given an intensity I„ when it entered 
through the centre of the pupil and an intensity Ip when it entered 
through any other point P. The ratio tj = I<,/Ip is a measure of 
the effectiveneas of the rays through P in producing the sensation 
of brightness compared with the rays through the pupil centre. 
r] is termed the relative luminous efficiency of the rays through P. 
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In Fig. 2 the values of rj obtained for a particular eye as the 
point of entry P of the beam from X was traversed across the 
horizontal diameter of the pupil are plotted against the distance 
from P to the pupil centre. Similar curves were obtained for 
other eyes and for traverses of other diameters. These results 
show that the relative luminous efficiency is greatest when the 
ray enters the eye through a particular point Pm which is usually 
near the centre of the pupil. As the point of entry moves away 
from Pjj the relative luminous efficiency diminishes, slowly at first 
and then more rapidly, until at 3 ram. from I’m it is equal to about 



one-third its maximum value. To a first approximation, the 
relative luminous efficiency is the same at all points of entry ly ing 
on a circle with Pm ^ centre. Putting r}^ for the relative luminous 
efficiency at Pm, its value at a point P, distant r mm. from Pm» 
is given approximately by the empirical formula -q = 
where p has a value round about 0 05“ * mm. 

The variation of relative luminous efficiency with point of entry 
satisfactorily accounts for the fact that apparent brightness is not 
proportional to pupil area. 

The above results, obtained in the first instance by B. H. Craw¬ 
ford and the writer [1], have since been confirmed by the work 
of other investigators [2, 3, 4, 6]. 
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Dirkotional Sensitivity of the Retina 

In the diagram of an equatorial section of the eye shown in 
Fig. 3(a), the track y represents the path of the jiencil of rays from 
the test field when the pencil enters at the centre of the pupil, and 
the track x when it enters near the edge of the pupil. The tracks 
converge to the same point Q of the retina since the subject always 
looks directly at the test-field which is therefore imaged on the 
most sensitive spot of the retina—the fovea. The light losses 
suffered in the eye media and at the refracting surfaces by ray pencils 



Direction of the incident hght 

(b) 

Fia. 3. 


incident along these two tracks have been estimated and it appears 
unlikely that the intensities of the pencils when they reach Q can 
differ by more than about 10 per cent. In any case this way of 
explaining the variation of relative luminous efficiency is ruled out 
by later observations. It must be concluded that we are dealing 
with a property of the retina and that the sensation of brightness 
produced by a ray depends on the angle at which it strikes the 
retina. If the ray track y is regarded as defining the normal to 
the retina at Q then the angle of incidence for the ray track x will 


equal 



approximately, where r is the separation of the two 


tracks outside the eye. When r == 8 mm,, the angle of incidence 
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equals about 7° and in this small angle the brightness sensitivity 
of the retina has already dropped to a third of its value for normal 
incidence. 

The first attempt to explain this highly directional property of 
the retina in terms of retinal structure made use of the fact that 
in the light-adapted eyes of some animals the light sensitive elements 
—^the rods and cones—are separated by cell processes containing 
pigment particles. The diagram of Fig. 3 (b) represents a section 
of the human retina in the foveal region. The incident light 
penetrates the layer of ganglion cells, nuclei and nerve fibres, passes 
through the cones (rods are absent at the fovea) and is finally 
absorted by the pigment epithelium. The cones are long, thin and 
close-packed and it can be calculated that the ray incident on the 
retina at an angle of 7° will pass through 3 cones before reaching 
the pigment epithelium. The presence of pigment particles between 
the cones would prevent such a ray from passing beyond the first 
cone so that the length of the light track in the cone substance 
would be no more than a third of that for a ray incident normally 
and passing down the axis of the cone. Add the assumption that 
the visual effect of the light is determined by the volume of cone 
substance illu m inated and a variation of visual effect with angle 
of incidence is obtained which is of the right order of magnitude. 
Unfortunately for this theory, ensheathing of the cones by pigment 
particles probably does not occur to any great extent in the human 
eye. Moreover, even though the histological evidence is not con¬ 
clusive, the pigment theory in the form just given is difficult to 
reconcile with the observations to be discussed later. 

Another suggestion, due to Wright and Nelson, is that the rays 
which enter the end of a cone are prevented from escaping through 
the longitudinal surface because the cone substance has a greater 
refractive index than the surrounding medium and total internal 
refiection occurs. This will hold good until the angle of incidence 
of the light exceeds a certain value when some of the rays will 
escape. The critical angle will depend on the precise shape of 
the cone and on its refriu;tive index relative to the surrounding 
medium. Although there are difficulties, this suggestion is a very 
interesting one and is being explored further. 

Observations with Monoohbomatic Liort 

It was shown by the earlier work that the variation of rj was 
similar for white light and for coloured lights. The effect of colour 
was later re-examined using narrow spectrum bands [6]. It is 
convenient to express the magnitude of the variation of rj by givii^( 
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the value of the coefficient p in the empirical formula »/ ~ 

As shown in Fig. 4(o), p varieci in some measure with wave-length 
being greatest in the blue end of the spectrum. In making these 
measurements with narrow spectrum bands it was observed that 
as the point of entry of the light rays traversed the pupil, the 
apparent colour of the test field varied as well as its apparent 
brightness. For example, with light of wave-length 679 mp the 
traversing beam became relatively red as its point of entry was 
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moved from the centre to the edge of the pupil and a complete 
match (brightness and colour) could be restored only by changing 
its wave-length as well as its intensity. The change of wave-length 
AA required for different points of entry is plotted in Fig. 4(6). 
Similar results were obtained for other wave-lengths in the red, 
orange and blue, but in the green and blue-green the curves were 
of a more complicated form and the change of hue was accompanied 
by a change of saturation. 

For a coloured light made up of wave-lengths from different 
psr*t8 of the spectrum, changes of colour of Uie kind just described 
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might arise because the apparent intensities of different wave¬ 
lengths are reduced to different extents as the point of entry of 
the beam moves from the centre to the periphery of the pupil. 
Obviously this explanation cannot apply to the colour .changes 
observed with monochromatic light and an appeal must be made 
to the trichromatic theory. According to this theory our sensa¬ 
tions of colour are mediated by three mechanisms which, when 
excited in relatively different degrees, give rise to all the variations 
of hue and saturation perceived by the eye. It is frequently 
assumed that there are three distinctive types of cone, the spectral 
sensitivity ciuves of all cones of one type being identical or nearly 
so. It may be, however, that the si^ectral sensitivity curves of 
the individual cones vary, almost in continuous fashion, from one 
cone to another, and a grouping of the cones into three systems 
with appropriate resultant spectral sensitivities may be effected 
in higher levels of the nervous system (Guild [7]). 

On either of these views, the change in the apparent colour of 
monochromatic light with change in its angle of incidence on the 
retina would be explained if the cones in each group possessed 
different directional sensitivities. This implies that if the cones 
belonging to each group could be stimulated by themselves and 
the variation of apparent brightness determined, we should obtain 
different values of the coefficient p for the three groups. Knowing 
the spectral sensitivity curves of the three groups of cones it is 
possible to calculate by bow much the coefficients p would have 
to differ to account for the observed colour change under different 
conditions. Using the spectral sensitivity curves for the cones 
obtained by Wright [8], it can be calculated that the observed 
change of hue of yellow light (690 mp) in passing from centre to 
periphery of the pupil would be accounted for if p for the “ green ” 
group of cones exceeded p for the “ red ” group by about 12 per 
cent. Similarly a difference of about 23 per cent between p for 
the “ blue ” and p for the “ green ” cones would give the observed 
hue change of blue-green light (490 mp). 

To obtain agreement with existing ^ta on the hue change it 
must be assumed that the percentage differences between the p 
values of the different types of cone vary with the wave-length. 
This is a complication which may call for some modification of the 
views outlined above. However, the conclusion that the different 
types of cone have different directional sensitivities is supported 
by evidence obtained by a completely different method which will 
now be considered. 
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Observations by the Threshold Method 

A great deal can be learnt about the sensitivity of the retina 
by measurements of the smallest quantity of light which the eye 
can perceive under different conditions. In some recent work by 
the writer, the test light was a uniformly bright patch of 1° in 
diameter, exposed at intervals for a fixed period of about l/20th sec. 
After each exposure the subject recorded whether he had seen the 
test patch. The brightness of the patch when there was a 50 per 
cent chance of seeing it was taken as the threshold value. Measure¬ 
ments were made with the subject looking either at the test patch 
(foveal vision) or at a point a certain distance to the side of the 
test patch (extrafoveal vision). 

The light from the test patch could be sent into the eye through 
different points of the pupil and the oorre8}R)nding variation of 
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the threebold determined [0, 10]. We shall consider first the results 
obtained when the eye is dark-adapted and the field of view is 
completely dark except for the flashes of the test patch. If the 
test patch is imaged on the fovea, the threshold value increases 
as the point of entry shifts from centre to periphery of the pupil, 
in precisely the way we should exx)eot from the observations on 
apparent brightness. The relative luminous efficiency can be 
obtained from the threshold measurements by putting t] equal to 
the ratio Tg/Tp where T„ and Tp are the threshold values for entry 
through the centre and through any other point P of the pupil. 
The 1 ^ curves obtained in this way can be represented by the empirical 
formula <=> ri^l0~^ used previously and Curve I of Fig. 6 shows 
the variation of p with the wave-length of the test patch. Com¬ 
paring Fig. 6 with Fig. 4(a) it is clear that the absolute values of p 
are not very different in the two cases and the variations with 
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wave-length are similar. Thus for fovoal vision the threshold 
observations merely confirm the measurements by brightness 
matching. 

Very different results are obtained when the test patch is imaged 
on extrafoveal points. For a test patch of white light or of mono¬ 
chromatic light other than orange or red, the threshold value is 
almost independent of the position of the point of entry of the 
light in the pupil. Curve II of Fig. 5 gives the values of p obtained 
when the subject looked 6° to the side of the test patch. For wave¬ 
lengths less than 600 mp, p is not very different from zero, p equal 
to zero would correspond to a constant value of the relative luminous 
efficiency »/. Other measurements, with white light, show that 
typical extrafoveal results are obtained when the test patch lies more 
than about 3® to the side of the direction of vision (Crawford [9]). 

It appears therefore that, except when stimulated with red light, 
the sensitivity of the dark-adapted extrafoveal retina is practically 
non-directional. Two kinds of end organ—^rods and cones—are 
present in the extrafoveal retina and, according to the duplicity 
theory, vision at low illuminations is served by the rods which are 
more sensitive than the cones in the dark-adapted eye. Thus we 
may say that in dark-adaptation the foveal cones have a pronounced 
directional sensitivity, while the rods are almost non-directional. 
The relative spectral sensitivity curve of the rods has its maximum 
value at about 510 mp. The maximum of the corresponding curve 
for the cones occurs at about 656 mp or possibly at a rather greater 
wave-length. In passing through the spectrum from the blue end, 
the difference between rod and cone sensitivities diminishes until 
in the red end the cones have a sensitivity which is of the same 
order as that of the rods. This view is amply borne out by com¬ 
parisons of the threshold values at the fovea, where there are no 
rods, and at near extrafoveal points, where there are both rods and 
cones. It is possible therefore that the appearance of directional 
sensitivity when the wave-length of the test patch exceeds 600 nip 
(see Curve II, Fig. 6) may be due to the extrafoveal cones taking 
over perception of the t^t patch from the rods. Whether this 
explanation of the rise in the red of Curve II of Fig. 6 is correct 
or whether the rods have the peculiarity of being directional only 
when stimulated with red light cannot be decided at present. 

So far, we have considered the dark-adapted eye only. By 
making the subject view an extended area of given brightness and 
colour, the retina can be brought to different conditions of adapta¬ 
tion and threshold measurements can be made in the same way 
as before. The adapting brightness remains on while the measure- 



THE DIBBOTIONAL SENSITIVITY OF THE RETINA 685 

menta a>re being made and the flash of the teat patch ia an additional 
atimulua. 

Cionsider first the case of a test patch imaged on the extrafoveal 
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retina. Using light of wave-length 680 mfi both for the test patch 
and for the adapting field, Curves 1 and II of Fig. 6(a) show how 
tiie threshold value varies as the brightness of the adapting field 
is increased firom zero. The light from the test patch entered 



686 SOIBNdE PBOQEB8S 

through the centre of the pupil for Curve I and through a pc^t 
near the pupil edge for Curve II. The light from the adaptuig 
field entered through the centre of the pupil in both oaeee. Both 
the threshold value and the adapting brightness are expressed in 
energy units (ergs per sec. received by the eye from 1 square degree) 
and are plotted to logarithmic scales. The ratio of the threshold 
values for central and peripheral entry at any brightness level 
determines the magnitude of the directional sensitivity which is 
specified by the value of p (Curve III). 

It is apparent from Curve III that up to a certain adapting 
brightness there is very little directional effect (p small). A tran¬ 
sitional region follows and then at high brightnesses the directional 
sensitivity is approximately constant and has about the same value 
as that found for the fovea. The transitional region begins at an 
adapting brightness of about 10~* energy units and at the same 
value the 8loi)e of Curve I begins to decrease. There is a point 
of inflection and finally, at high brightnesses, the slope of Curve I 
becomes constant. The explanation of the change of law of Curve I 
is provided by the duplicity theory. It is assumed that the rods 
acting alone would give a curve similar to Curve A of Fig. 6(6), 
while the cones acting alone would give the Curve B. When both 
rods and cones are in action the observed threshold will equal the 
lower of the separate thresholds. If the latter are equal or nearly 
so, the rods and cones may assist each other to some extent and 
the resultant threshold will be lower, as shown by the broken line C. 
The resultant curve built up in this way is assimilated to Curve I 
of Fig. 6(a), and there is little doubt, although the full reasoning 
cannot be given here, that the explanation based on the duplicity 
theory is substantially correct. 

It is now easy to interpret the observed changes in the directional 
sensitivity. The rods are regarded as practically non-directional 
at all adapting brightnesses so that Curve A (Fig. 6(a)) applies 
equally for central and peripheral entry of the light. The cones 
are assmned to have a pronounced directional sensitivity whose 
value is independent of the adapting brightness. Thus the curve 
for peripheral entry, B', is simply the curve for central entry, B, 
shifted upwards by a given amount. The resultant curve for 
peripheral entry is built up in the same way as before and from 
the difference of the resultant curves the variation of p (Curve D) 
is derived. 

The above scheme proves equally useful in explaining the results 
obtained for other colours, includhig cases when test patch and 
adapting brightness have different wave-lengths. The example just 
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disoosaed refen to light of wave-length 580 m/i. If the wave-length 
of the teat patch is changed say to 500 mfi, while the wave-length 
of the adapting brightness remains the same, the threshold curve 
of the rods (Curve A of Fig. 6(6)) moves bodily downwards because 
the rods are more sensitive to wave-length 500 tnfi than to wave¬ 
length 580 mfi and the threshold value at any adapting brightness 
is diminished. At the same time the threshold curve of the cones (B) 
moves upwards because the cones are less sensitive to the new wave¬ 
length. Similarly, a change in the wave-length of the adapting 
brightness from 580 mfi to 500 «i/*, keeping the test patch wave¬ 
length constant, shifts the rod curve from right to left and the cone 
curve in the reverse direction. Experiment shows that the resultant 
threshold curves for different pairs of wave-lengths of test patch 
and adapting brightness can, in fact, be derived from rod and cone 
curves which shift about the diagram in the way just described. 
Moreover, the transition from the rod to the cone curve is accom¬ 
panied by a characteristic increase in the directional sensitivity 
measured by the coefficient p. 

Further evidence supporting the above views is provided by 
studies of the time course of dark adaptation. When the recovery 
of the eye from a high brightness is followed by measurements of 
the extrafoveal threshold for white or coloured light (other than 
red), the recovery curve falls into parts, an initial part attributable 
on the duplicity theory to the cones and a final part attributable 
to the rods (Hecht [11]). At the transition wo should expect the 
directional sensitivity to drop from a high value characteristic of 
the cones to the very small value of the rods. Just such a change 
is observed experimentally (Crawford [9]). 

Threshold Observations at the Fovea 

There is a complication in the threshold measurements for extra¬ 
foveal vision, which has been ignored up to now. The threshold 
curve of the rods moves to different parts of the diagram of 
Fig. 6(6) without appreciable change of sha^ie, but this is not true 
of the cone curve. The behaviour of the cone curve is, however, 
best studied by measurements of the foveal threshold which give 
the response of the cones unobscured by the rod response. 

When the wave-lengths of test patch and adapting brightness 
axe identical, the foveal threshold curve is a simple curve resembling 
Ourve B of Fig. 6(6). The directional sensitivity has a high value 
ap{HX>priate to the cones and shows little if any systematic variation 
with wave-length. On the other hand, with a blue test patch and 
a green, yellow or red adapting brightness the threshold curve 
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falls into a low brightness and a high brightness range. This is 
well shown in Fig. 7, where Curves I and II refer to central and 
peripheral entry of the light from the test patch and Curve III 
gives the derived value of the directional sensitivity. In this case 
the wave-length of the test patch was 480 m/t and that of the 
adapting brightness 640 mpi. 

The form of foveal threshold curves like those of Fig. 7 is almost 
certainly to be explained with the aid of the trichromatic theory 
in the same way as the extrafoveal threshold curves are explained 
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by the duplicity theory. The upper and lower parte of the threshold 
curve are attributed now to two types of cone. Each of these 
acting alone would, it is assumed, give a simple threshold curve 
as suggested by the broken line continuations of the two sections 
of Curve I in Kg. 7. By observing how the upper and lower sections 
of the curve shift in the diagram when the wave-lengths of test 
patch and adapting brightness are varied, approximate determina* 
tions can be made of the relative spectral sensitivities of the two 
types of cone which have been postulated. The maxiimnw sensitivi* 
ties occur at about 440 mft and 640 mu respectively so that we 
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may speak of these two types of cone as blue and green cones. 
The existence of a third type of cone—^red cones—^is also indicated 
by measurements of this kind although the separation of the green 
and red types by threshold measurements is difficult. 

Reverting to Fig. 7, the variation in the directional sensitivity p 
may now be ascribed to a difference in the directional properties 
of the blue and green cones which are responsible for the upj)er 
or lower sections of the threshold curves. The direction and 
magnitude of the difference are about the same as those derived 
from the change in apparent colour described earlier on. 

To sum up, the rods and the three types of cone each have their 
characteristic directional properties which must be accounted for 
in any acceptable explanation of the directional sensitivity of the 
retina. Pigment intrusion between the end-organs cannot explain 
all the effects observed without additional assumptions for which 
there is little justification. Differences in refractive index between 
the end organs and the surrounding medium, as suggested by 
Wright and Nelson, may provide the clue. The problem is certainly 
one whose solution should throw further fight on the visual process. 
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MOLECULES AND SURFACES 

BEING AN APPRECIATION OF THE WOEK OF IRVING LANGMUIR 
AND ITS INFLUENCE ON CHEMICAL THEORY 

By N. K. ADAM, M.A.. Sr.D., F.R.8. 

Profetior of Chemistry in UniirmUy Collfije, filouthantpUm 

British and American science are profoundly indebted to the 
Pilgrim Trust for the foundation of a series of lectures, which are 
to 1^ delivered, under the joint auspices of the National Academy 
of Sciences and the Royal Society, in alternate years in London 
by an American, and in Washington, D.C., by a British man of 
science. The first of these lectures was given in Ix)ndon, on Decem¬ 
ber 8, 1938, by Dr. Irving Langmuir of the General Electric Com¬ 
pany’s research department in Schenectady. As was natural, 
scientific bodies in this country were not slow to avail themselves 
of the exceptional opportunity of Dr. Langmuir’s visit, so that, in 
less than a fortnight, London had the i)rivilege of hearing him also 
deliver a Friday evening discourse at the Royal Institution^ and 
the seventeenth Faraday lecture before the Chemical Society. 

Tlie choice of a lecturer was a most happy one. Dr. Langmuir’s 
work and interests cover such a wide range, and have stimulated 
so much thought and research, both in pure and applied science, 
in this coimtry as well as in America, that the theatre of the Royal 
Institution, where all three lectures were given, held audiences 
representative of a very large part of the progressive workers in 
physical, chemical, and biological sciences in these islands. They 
heard very lucid accounts of the research which has contributed 
so much, during the past twenty-five or thirty years, to our present 
detailed knowledge of the arrangement of molecules at surfaces, 
the natme and importance of the fields of force round organic 
molecules, and to the mechanism of thermionic emission. 

A large part of his work has been concerned with surface phe¬ 
nomena ; indeed, almost all the foundation, and much of the detail 
also, in our present theories of the arrangement of atoms and 
molecules at surfaces is due to his consummate ability to combine 
the techniques of Physics and Chemistry in his attack on these 
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problems* The researches fall into two principal divisions : those 
on the reactions between simple gases and solid surfaces, principally 
metallic surfaces and those on the behaviour of molecules of organic 
compounds at solid and liquid surfaces. The earliest studies were 
on the reactions between heated metallic filaments, particularly 
tungsten, in gases at low pressures in electric lamp bulbs ; and 
these have had extraordinarily far-reaching results both in the 
development of theory, and in practical applications. Starting 
from the observation that hydrogen causes an abnormally great 
loss of heat from a hot filament, too great to be accounted for by 
the thermal conductivity of ordinary gaseous hydrogen, it was 
found that the heated filament dissociates the hydrogen into atoms, 
a strongly endothermic process, and the free hydrogen atoms fly 
to the walls of the bulb. Eventually they re-oornbine, liberating 
the heat absorbed during dissociation, but the atomic hydrogen 
has a surprisingly long life and can perform all sorts of reactions 
impossible to molecular hydrogen. 

Next, oxygen was studied. It was soon found to combine with 
the surface of the tungsten in an exceedingly stable layer, practically 
|)ermanent at a t/emperature of 1,500"’ K., and not rapidly removed 
until considerably higher temperatures are applied. This layer 
prevented the dissociation of hydrogen (though above 1,500® K. it 
could be removed by hydrogen) ; and it also reduced the emission 
of electrons from the heated filament to a minute fraction of that 
from clean tungsten. Other work of this period (1909 to about 
1916) dealt with the removal of traces of other gases by heated 
filaments, at low pressures, and the effect of gases on the life of the 
filaments. 

The far-sighted direction of research, by Dr. W. R. Whitney 
in the firm’s laboratories, towards a full understanding of the fate 
of all the molecules present in the lamp bulbs, rather than to a 
rapid empirical solution of the best conditions for obtaining long 
life of the filaments, soon bore fruit in the “ half-watt ” or “ gas- 
filled ” lamp. But it did much more for industry than merely 
produce a more efficient incandescent lamp. The firm had acquired 
an unrivalled knowledge of the properties of heated tungsten fila¬ 
ments, shortly to be put to use in the development of ever more 
efficient thermionic valves ; the inoidental discovery of a method 
of producing atomic hydrogen led at once to the invention of flames 
of atomic hydrogen, in which the hydrogen is dissociated in an arc, 
the atoms being carried to the surface of a metal requiring welding, 
so that the heat of recombination of the atoms is added, just where 
it is required, to the heat of combustion of the hydrogen. Another, 
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and more important, by-productof this research was the con¬ 
densation pump for producing high vacua. The kinetic theory of 
gases had become, even at this early date, an everyday research 
tool in the hands of the firm’s staff; it had been used originally 
for the purpose of calculating the rate at which molecules of gas 
hit the heated filaments, and it was but a step to apply it to the 
design of high-speed vacuum pumps oj^erating by means of streams 
of mercury molecules, which collide with molecules of other gases 
present, proi>elUng them to a pressure at which they can be removed 
by ordinary pumps. 

It is worth pausing for a moment to consider how many industrial 
research laboratories would, even now with this examj)le before 
them, i^ermit part of their research staff to engage for several years 
continuously on work of such apparently abstruse academic character 
as the study of the proj^erties of atomic hydrogen, and the precise 
fato of individual molecules moving in gases or condensed at surfaces. 
Yet the reward of this tyj^ of research, carried out thoroughly 
where the technical staff have the ability to apply its results, is 
far greater than that of the type of research ordinarily allowed in 
industry, and it has placed the American General Electric Company 
in a commanding technical |>osition in their industry. 

The principal advance in theory resulting from this work was 
the conception of the monatomic adsorbed layer of gases on metals, 
carbon, etc., in which the oxygen, or hydrogen, molecule is practi¬ 
cally dissociated on the surface, each atom combining independently 
with the atoms of the underlying metal, by forces identical with 
those of primary valency. The surface forces of the metal are 
generally fully satisfied by the combination with this layer of gas, 
one atom thick. In the case of oxygen, however, where the adsorbed 
layer is extremely firmly held, J. K. Roberts has recently found 
that there are a few vacant spaces in the first layer, due to the 
fact that the pairs of atoms arrive at the surface at random, and 
do not fill up all the available vacant spaces, but leave a few single 
spaces unoccupied. These may be filled by molecules standing on 
end, one atom projecting above the first to form an incomplete 
second layer. 

The reactivity of these “ chemisorbed ” monolayers differs very 
greatly from that of ordinary gases, and Langmuir laid the founda¬ 
tion of the modern studies on heterogeneous catalysis also, in this 
early work. Though he did not carry research very far into this 
field, the fate of oxygen molecules striking a surface of tungsten 
covered by a monatomic layer of oxygen was found to be very 
simple; they just combine with one surface tungsten atom, removing 
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it and its combined oxygen atom to form the volatile oxide WO3. 
In 1921 there appeared studies on the catalysis of the (combination 
of hydrogen and oxygen, and also of carbon monoxide and oxygen, 
on platinum surfaces, which showed clearly the imi)ortance of the 
adsorbed monatomic oxygen layer in the catalysis. 

In more recent years the studios of atomic layers adsorbed on 
tungsten filaments have been continued with ])articular reference 
to the thermionic emission of electrons. Thorium, which may be 
present as an impurity in tungsten filaments, can make its way 
to the surfacx); and when there, it enormously increases the electron 
emission. The alkali metals, of which caesium has been most 
exhaustively studied, and barium themselves have a high emission 
and low work function, and they increase the emission of electrons 
from tungsten filaments to a very high value. Atoms of caesium, 
striking a surface of heated tungsten, at once lose their electrons 
to the underlying tungsten metal, tocoming monovalent positive 
ions themselves in the process ; if they evaporate, they do so only 
as positive ions ; but the electrostatic attraction, or “ image ’’ 
force, between the {>ositive ions of caesium and the tungsten metal 
are great enough to maintain a monatomic layer of caesium on the 
surface of the metal up to fairly high temperatures, so that the 
emission of electrons from a caesium-coated tungsten filament is 
greater by many powers of ten than that from a clean filament, 
and still more is it much greater than that from an oxygen-covered 
filament. Here, we have a clear case of an adsorlned layer heing 
held by electrostatic forces. 

The most powerful emitters of electrons are, however, surfaces 
of tungsten coated by a monatomic layer of caesium on top of one 
of oxygen. The adhesion of the caesium to the oxygen-coated 
tungsten is better than to the clean metallic tungsten, and the work 
function is less than that of the caesium-coated tungsten. All this 
is in complete accord with what is known of the arrangement of 
the dipoles at the siufaoe. Oxygen on tungsten has the electrons 
displaced so that the oxygen atom is negatively charged, the metal 
being positive ; the layer of dipoles so formed at the surface acts 
to retain the electrons in the metal, since the positive end of each 
dipole is inwards. Conversely, a caesium ion at the surface is 
positive to the tungsten below, so that the dipoles at the surface 
have the positive end outwards and consequently help the elec¬ 
trons out. 

The efficiency of the modem thermionic valve is in very large 
measure due to these researches ; but in fairness it should be said 
that other industrial research laboratories, notably that of the 
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General Electric Company in England, have also made very sub¬ 
stantial contributions to the theory and practice of thermionic 
emission. 

Searching, in 1916, for other natural phenomena akin to the 
monatomic adsorption of gases on metals, Langmuir found a fairly 
close parallel in the now well-known monomolecular films of organic 
substances on water. Fraiilein Pockels, in 1891, showed how these 
films could be accurately studied with an exceedingly simple 
technique, and in 1899 Lord Rayleigh pointed out that their be¬ 
haviour indicated that they were one molecule thick. Langmuir 
combined this view, that the films were one molecule thick, with 
the pictures of the probable shape and asymmetry of the molecules 
given by a literal interpi’etation of the organic constitutional formulae, 
concluding that in most of the films which he studied the molecules 
are oriented perp)endicularly, or nearly so, to the water, with that 
end of the molecule which, in simpler members of the same homolo¬ 
gous series, confers solubility on the substance, directed towards 
the water. This conception, now a commonplace of chemical 
theory, was then regarded by many chemists as an almost impudent 
misuse of structural formulae ! There were some, even as late as 
1920, who ridiculed the ideas of Langmuir and Harkins, saying 
that structural formulae were never meant to be taken as literally 
as that I Yet the ideas have led to extraordinary developments in 
om* knowledge of the properties of molecules and in understanding 
the theory of capillarity, besides helping to throw light on the 
constitution of some natural products. At that date, and indeed 
up till about 1923, the measurement of the cross-sectional area of 
molecules in these surface films was one of the best methods, some¬ 
times the only one applicable, of ascertaining the size of the mole¬ 
cules ; and some information as to shape was also given, especially 
when the molecules are enlarged near the end adhering to the 
water. 

The adhesion of the end groups, in these films, to the water, runs 
very closely parallel with the solubilising properties of the same 
groups, in other organic molecules. The tendency of the long 
hydrocarbon chains to lie side by side is responsible for the peculiar 
structure of the crystals of long chain aliphatic organic compounds, 
which are built up essentially out of pairs of monomolecular layers, 
placed face to face with the water-soluble groups sandwiched between 
the hydrocarbon chains, which stand at a more or less steep angle 
to the plane of these layers. It was, indeed, possible in 1922 to 
make a very fair guess at the crystal structure of the long chain 
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aliphatic compounds, simply from consideration of the melting 
points of the esters of palmitic acid and other fatty acids, together 
with what the surface films revealed as to the forces between the 
different parts of the molecules, the principal forces being two, 
both of the Van der Waals type, a strong attraction between two 
water-soluble groups, or between a water-soluble group and water, 
and a less strong attraction between two hydrocarbon groups. 

All the work on surface films, on solids as well as on gases, 
together with some information derived from the kinetic theory of 
gases, pointed to the attractive forces between molecules (apart 
from purely electrostatic “ Coulomb attractions between ions) 
being of very short range, not more than a very few AngstrOm 
units in range. Langmuir was thus led to his important ‘‘ principle 
of independent surface action,” which regards the forces at the 
surface of individual molecules as identical Avith the foroea which 
give rise to surface tension in bulk liquids or solids. One can 
sj:)eak, without undue distortion of the meaning of the term, of the 
surface tension of a particular part of the surface of a molecule, 
meaning the surface energy associated with a given area of either 
the hydrocarbon, or the oxygenated part of a molecule such as a 
fatty acid. Since the surface forces extend but a short distance 
in comparison with the size oven of one CHa group, the decrease 
in energy when the hydrocarbon chain of one molecule comes into 
contact, over its whole length, with the chain of another molecule, 
is the same as the decrease in total energy when two equal areas of 
a purely hydrocarbon liquid (a liquid paraffin) coalesce. Calculating 
the potential energy, in this way, from surface tension data, of long- 
chain fatty acids in various positions on the surface of water, Lang¬ 
muir showed in 1925 that the position of minimum potential energy 
is with the chains packed closely side by side and the water-soluble 
ends of the molecules in the water, as experiment had already shown 
was the case. If the total lateral adhesion between the molecules 
was insufficient to keep them in contact against the disruptive 
effect of their thermal agitation, the position of minimum energy 
for an isolated molecule on a water surface is with the hydrocarbon 
chain lying flat, on the surface. This was in good accord with an 
earlier interpretation of “ Traube’s rule,” namely that, in any 
homologous series, the addition of one CH, group to the molecule 
increases the tendency to be adsorbed from solution to such an 
extent that, in order to obtain equal lowering of surface tension, 
the concentration of the member of the series with n carbons must 
be three times that of the next higher member, with n + 1 carbons. 
Simple thermodjmamical reasoning deduces from this rule that 
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the decrea43e in free energy, when a gramme molecule of the dis¬ 
solved substance passes from the interior to the surface during 
adsorption, is about 600 calories for each CH* gi'oup, no matter 
how many such groups there may be in the molecule. Each CH| 
group having the same work of adsorption, each must be in the 
same position in relation to the surface as all the others ; hence 
the chains in isolated molecules lie flat on the surface. 

These monolayers on water surfaces are much the easiest tjqpe 
of surface film to investigate, and much more is known about the 
details of their structure than about other types of film. The 
principle of independent surface action, and the knowledge gained 
from these films as to the forces round molecules in their different 
parts, makes it possible to predict the structure of many other 
kinds of film, and also the surface structure of various organic 
compounds. Lubricating films on metals probably resemble mono- 
layers on water fairly closely ; so do the films of the various “ col¬ 
lectors ” used for rendering the surfaces of minerals hydrophobic, 
so that they are easily floated, like waxed needles on water, at 
the surface of air bubbles in the exceedingly important froth- 
flotation ’’ process used for the separation of minerals. It is now 
known that a layer only one molecule thick, of a substance con¬ 
taining at one end of its molecules a group with a definite affinity 
for the mineral surface {e.g, a xanthate group for slightly oxidised 
sulphide minerals, or a fatty acid for oxide minerals), as well as a 
hydrocarbon chain, orients itself on the mineral surface with the 
hydrocarbon chain outwards, thus giving to the surface an exterior 
layer of hydrocarbon groups, which (if more than a few methylene 
groups in thickness) makes the particle almost as difficult to wet as 
paraffin wax. The action of aluminium soaps in waterproofing 
textile fabrics is similar; the “ business end ’’ of the molecule 
affixes itself to the fibre, leaving the hydrocarbon end outwards, 
so that the surface is transformed from that of the strongly hydro¬ 
philic cellulose or wool, to one resembling paraffin wax, so far as 
the range of attraction of adhering water molecules is concerned. 

Langmuir has not pursued his researches into biology, but there 
are already some important developments in this direction. Per¬ 
haps one of the most important is the growing realisation that in 
discovering the detailed molecular structure of these films, a begin¬ 
ning has been made in the science of the molecular anatomy of 
membranes and tissues. The importance of an understanding of 
constitutional organic chemistry is being brought home tq the 
medical student as never before, l^cause it is these organic molecules, 
with their orientation into membranes and micelles, which constitute 
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the bricks out of which the cell and its surfaces are built. We are 
now beginning to see how tlie fields of force round individual mole¬ 
cules actually do build up organised structures of some degree of 
complexity. In some recent studies of the effect of haemolytic 
agents and snake venoms, on simple surface films, it is found that 
they jienetrate and di8rui)t the cohesion of these films. Probably 
some such disruptive action on surface membranes is the cause 
of the destruction of the cells by these substances. 

Protein molecules have been studied in surface films, in England 
and Holland as well as in America. They can exist, in solution, in 
a folded form with the hydrophilic groups outwards, or they can 
unfold on the surface, thus becoming, often, insoluble. On the 
surface, they probably form a network with many cross linkages. 
In one of his lectures, Langmuir compared the protein film on a 
water surface to a cloth, hanging here and there in festoons from 
the surface into the interior. It is very probable, from the work 
of E. N. Harvey and J. F. Danielli, that composite surfaces, con¬ 
sisting of fatty substances with protein adsorbed just below, are 
important constituents of coll membranes. 

Knowledge gained from these films as to the fields of force round 
molecules is applicable to other problems besides those concerning 
surfaces directly. The j)eculiar distribution of attractive forces 
round molecules such as soaps, generically called, recently, the 
“ paraffin chain salts,” in which there is a long hydrocarbon chain 
with a very strongly water-attracting end group, this latter being 
electrolytically dissociated, results in the formation of those very 
interesting structures known as the ‘‘ ionic micelles ” in solutions 
of these substances. These are aggregates of the long chain ions, 
in which the hydrocarbon chains are packed together to form the 
interior (which according to O. S. Hartley appears to be a liquid), 
and the exterior is covered by the electrolytically dissociated, hydro¬ 
philic groups such as COONa, or SO3H. These are one of the most 
interesting types of colloidal solution, and with the knowledge 
obtained from surface films, of the distribution of the field of force 
round the molecules of long chain fatty acids, the principal features 
of the structure of the ionic micelle, which had been studied earlier, 
by McBain, at once became clear. 

It may seem strange to speak of the interior of a micelle, which 
has a diameter equal to twice the length of a long hydrocarbon 
chain, as a ** liquid ” ; but in 1933 Langmuir showed that a rather 
puzzling type of monomolecular film on water has a chaotic arrange¬ 
ment in the upper four-fifths, or so, of the length of the molecules, 
which may properly be termed “ liquid.” For some years previ- 
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ously, these films had been known as ‘‘ liquid expanded **; they 
have an area intermediate l>etween that occupied by molecules 
standing upright on the surface, and by molecules lying flat, and 
Langmuir showed that the force with which they tend to spread 
over a water surface is closely similar to that exerted by a drop 
of a non-spreading oil on water, when there is dissolved in it a small 
amount of a substance (such as a fatty acid) which goes to the 
interface between the oil and the water, and forms an interfacial 
film there. Regarding the “ liquid-expanded ’’ monomoleciilar 
film as having an upper part, the hydrocarbon chains of the mole¬ 
cules, corresponding to the oil, and a lower end group, corresponding 
to the fatty acid in the interface between the oil and the water, 
the conclusion was drawn that the hydrocarbon chains are in con¬ 
stant chaotic motion, like the molecules in a liquid, subject only 
to the restraint that their lower ends are anchored to the water. 
Thus we have the amazing, yet very illuminating, conception of a 
liquid layer only some four-fifths of a molecule in thickness, and 
this is the only theory of these peculiar liquid-expanded films which 
apj)earH anywhere near the truth. 

One of Langmuir’s latest contributions, made in conjunction 
with Miss Blodgett, is the discovery how to build up, on a solid 
surface, layers many molecules in thickness by simply dipping the 
prepared solid surface into water of suitably adjusted acidity, and 
removing it. A monomolecular film is maintained on the water 
surface, under constant compression by the use of a flexible thread 
l)ehind which is a drop of oil possessing a definite tendency to 
spread. At each entrance to the water, part of the monolayer is 
transferred from the water to the solid surface ; and under most 
conditions, at each removal from the water, another monolayer is 
transferred to the solid, the molecules this time being oriented the 
other way up. These “ alternating ” layers do not differ very 
much in structure from crystals of fatty acids, consisting of suc¬ 
cessive parallel leaflets of films, two molecules thick, the molecules 
in the two layers of the leaflet being oriented with their oxygenated 
groups pointing alternately towards, and away from, the solid 
surface. 

These layers may be buUt up until they are several thousands of 
molecules thick, and their thickness measured accurately by optical 
means. In polarised light, they show very beautiful colour effects. 
The rather astonishing experiment, of measuring the thickness 
of built-up layers with an ordinary spherometer, is reasonably 
successful. 

Under some conditions, layers are deposited only on the down-* 
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Avard path into the water, thus building up multiple films in which 
all the molecules point the same way. If a built-up film which has 
the outer layer of molecules oriented with the hydrocarbon end to 
the water is dipped into dilute thorium nitrate, the upper layer 
of molecules appears to be turned over, and the “ conditioned ” 
surface so obtained has considerable adsorptive powers for various 
organic substances. Proteins can be deposited in the form of 
built-up layers, as well as fatty acids and their bivalent salts. 

There is a considerable degree of solidity in these films ; it is 
possible, by adjustment of the acidity and of the amount of alkaline 
earth ions in the wat^r, to build films containing barium or calcium 
stearate, and free fatty acid, in different proportions. By treat¬ 
ment with benzene, the free acid may be dissolved out of the films, 
changing the refractive index but not the thickness ; if the film 
is now dip})ed in oil, the refractive index rises, as the oil penetrates 
into the spaces left where the free fatty acid wiis dissolved out. 
Thus a considerable proportion of the film can be removed without 
causing collapse of the whole structure. 

Since about the year 1910, there has been a major revolution 
in chemistry. Those who received their chemical education in the 
years just before the war will remember that, although a oert^ain 
amount of classical molecular theory was taught, there was little 
clear idea of the molecules as tangible individual objects. The 
counting of their number, and the measurement of their absolute 
dimensions, w^as probably regarded by most chemists as an amusing 
exercise for physicists who had nothing better to do ; and few 
supposed that, even ff we did know these magnitudes, the science 
of chemistry would be seriously affected. But now, in less than 
thirty years, not only the number and dimensions of molecules are 
well known, but also their 8haj>e8, the nature of their fields of force, 
their mechanical properties, and the way in which they build 
themselves up into crystals and other macroscopic formations ore 
almost everyday matters; and even the nature and the strength 
of the springs ” which hold the atoms together in the molecule, 
and the importance of these interatomic forces for chemical reaction, 
are becoming understood. Many, of course, have contributed to 
the concentration of the research weapons of physics, chemistry, 
and mathematics, on the solution of these problems ; but probably 
no single person has done more, in more different fields, than Dr. 
Langmuir; and industrial practice, no less than scientific theory, 
has made immense progress, as a direct result of the enlightened 
research policy of the firm of which he is so distinguished a member. 



RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By A. Hotiteb, Ph.D., F.R.A.8., Royal Observatory, 
(ireenwicb. 

In these daj^s, when systematised research is the basis even of 
such a study as that of astronomy—a study which was once so 
jiersonal a matter as to be described rather as an art than as a 
science — the former jiopular conception of the astronomer as an 
observer at the eyepiece of some great instrument, j^rpetually 
making wonderful discoveries, is apt to be somewhat wide of the 
mark. Major advances in astronomical knowledge are now, more 
often than not, the product of co-o|jeration between dozens of 
observers at several observatories, and are made possible only by 
the laborious measurement of thousands of photographs secured 
over a {)eriod of many years. The emotions of the 

.watcher of the skies, 

When a new planet swims into his ken 

tend nowadays, therefore, to be experienced in a somewhat more 
attenuated form than perhaps Keats imagined. Occasionally, how* 
ever, the conditions of the i)oem are fulfilled more or less literally, 
and an isolated astronomer reaches the headlines (at least in the 
scientific press) as a discoverer in the old-fashioned sense. 

The lyast few years have been particularly rich in such dis¬ 
coveries in the solar system : the present report deals with some 
especially interesting minor planets, and two new planetary satellites. 

The Inner Minor Planets, —It will be recollected that there 
exists a wide gap in the solar system between the orbits of Mars 
and Jupiter, where by Bode’s law (and indeed by casual inspection 
of a scale diagram) a planet might be expected. In this gap revolve 
most of the asteroids, or minor planets, of which more than 1400 
are now known, i.e. have had reliable orbits calculated for them. 
Hundreds more have been observed less extensively. Their mean 
distance corresponds closely to that predicted by Bode’s law. Even 
the biggest is less than 500 miles in diameter, and is never visible 
to the naked eye; whilst the smallest known are believed to be a 
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mile or so across—mere travelling mountains—and require large 
apertures for their detection. These fainter objects are now being 
discovered at the rate of scores per annum by examining for trailed 
images long-exposure photographs, carefully guided on the stars 
in regions near the ecliptic. A trail is, of course, due to the asteroid’s 
apparent motion amongst the stars during the two or three hours 
of exposure. An alternative method, which employs more economic¬ 
ally what little light there is available from the fainter minor 
planets, (consists of the inverse process—guiding the telescope not 
on the stars, but on a fictitious object of about the expected angular 
speed, and then searching the resulting photograph for small dots 
or short trails amongst the long trailed images of the stars. The 
intei*est of the work lies partly in the thrill of it (the study is a 
favourite one for amateurs), and partly in the bearing of the informa¬ 
tion obtained on theories of the solar system. The larger estab¬ 
lished observatories, however, usuallj^ take uj) the study for a 
more immediate purpose : that of determining the radius of the 
earth’s orbit, the fundamental unit of astronomical distance. The 
method depends on this princii>le : a scale model of the solar system 
having been made from observations of the angular motions of 
the planets and the application of Kepler’s laws, it is necessary 
to measure absolutely only one dimension in order to deduce all 
the rest, including the required radius of the earth’s orbit. The 
ast/eroid Eros has proved most suitable for parallax measurements 
of this sort, since its orbit has such a high eoeentricity that in 
favourable circumstances, i.e. when perihelion passage occurs at 
opposition, the asteroid may approach within 14 x 10® miles of the 
earth. Such an extreme case has not occurred since the discovery 
of Eros in 1898, but in 1901 the nearest approach was 30 x 10® 
miles, and in 1931 just over 10 x 10® miles. At both oppositions, 
many of the observatories of the world co-operated in making 
extensive series of observations : from the first was deduced a 
value for the solar parallax with a probable error of ± I part in 
3000 ; from the second it is hoped that a still more accurate result 
will emerge when the extremely complicated retluctions are com¬ 
pleted in a few months’ time. 

Since this latest favourable opposition of Eros, the discovery 
of minor planets which may approach the earth still more closely 
has proceeded apace. An asteroid, since named Amor, was found 
in 1932 to have an orbit whose eccentricity is twice that of Eros, 
and whose closest approach in January 1932 brought it within 
10’ miles of the earth. The eccentricity of the orbit of Apollo, 
discovered in the same year, is 2*5 times that of Eros ; and since 
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it has a comparable semi-axis, this orbit passes not merely within 
the Earth’s orbit, but actually within that of Venus. It is for¬ 
tunate that its inclination to the ecliptic prevents a nearer approach 
than 3 X 10® miles. The orbit of Adonis, discovered in 1936, also 
crosses those of the Earth and Venus, and in that year its least 
distance from the earth was only about a million miles. 

The latest discovery is due to Dr. K. Reinmuth, who found, 
on each of two plates exposed at Heidelberg for two hours on 
the night of October 28, 1937, a trail whose length and density 
suggested that the object i)hotographed was of about the 10th 
magnitude and was travelling at some 50 times the average angular 
speed of an ordinary asteroid. This remarkable body w as provision¬ 
ally called 1937 UB in accordance with the usual notation, but has 
since been named Hermes by its discoverer. Plates exposed on the 
next night and the one after, on the positions predicted for the 
object by extrapolating in both directions (the actual direction of 
motion not being known), failed to show any trace of the asteroid. 
This unexpected result was explained afterwards when the orbit 
was calculated from other observations : the angular motion had 
nearly trebled itself in 24 hours. Images were, however, subse¬ 
quently detected on short-focus plates taken at Sonneberg on 
October 26, 27, 28 and 29. The positions given by these plates are 
unfortunately somewhat uncertain, on account of the small scale 
and the fact that on none of them was the asteroid even approxi¬ 
mately centred ; but they served to identify it on an October 25 
plate taken at Oak Ridge, Massachusetts. 

Preliminary computations from the European observations alone 
showed that the weight of the parallax determination was low, but 
later workers were able to combine the northern positions wdth 
those found from two Johannesburg plates, taken for another pur¬ 
pose on October 27. It was then found that the object’s closest 
approach to the earth must have occurred on October 30. That 
no observations were secured at this time is hardly surprising : 
not only was the motion unpredicted at that time, but also the 
angular sj>eed was so great that the asteroid swept more than a 
quarter of the way across the sky in 24 hours. At this unpre¬ 
cedented rate, even though the object probably nearly reached 
naked-eye brightness, photography would naturally be difficult 
except with big apertures. And once lost, of course, the asteroid 
was never reobserved : searching for a needle in a haystack would 
be simplicity itself compared with finding such an object, rapidly 
growing fainter os it receded, in an unknown part of the sky. 

For the computation of an orbit, then, we have only five nights’ 



ASTEONOMY 


703 


positions, two of which depend on off-axis images on small-scale 
plates. Finally, to add to the difficulties of the computers, the 
approach was so close that enormous perturbations by the earth’s 
gravitational field are to be expected. Nevertheless, fair agreement 
is found among the various orbits published. Crommelin (Journ. 
Brit. Astron. Asaoc., 48, 161, Feb. 1938) finds that the least dis¬ 
tance from the earth at October 30-5 was about 485,000 miles. 
Hermes therefore approached us more closely than does any other 
celestial body except the Moon. The least distanc^e between the 
orbits, i.e. the closest approach possible, is only 220,000 miles, 
actually less than the mean distance of the Moon. It is, however, 
most imlikely that the asteroid will return again in the same orbit 
—'it is, in fact, doubtful whether its next approach, predicted for 
1940 from the somewhat uncertain orbital period, will be observed 
at all. Improvement in the orbital elements will therefore prob¬ 
ably depend on the finding of pre-discovery images on plates taken 
for other j)urpo8e8. 

The diameters of these tiny earth-grazing planets, unlike those 
of the larger asteroids, cannot be found from direct micrometer 
measurements, since their angular subtense is so small. They 
can, however, be inferred by using the known parallaxes and 
apparent magnitudes of the bodies, and assuming a plausible albedo, 
or reflecting power. In this way, a hypothetical diameter of a 
little less than a mile has been found for Hermes. In spite of its 
close approach, then, it will be useless for determination of the scale 
of the solar system because of its faintness : one appearance is not 
enough to fix the orbit with sufficient accuracy, and a second, as 
we have seen, is unlikely. Objects of this size are, however, of 
interest, if not of much significance, in decreasing still further the 
gap between the sizes of the minor planets and those of meteors. 
Astronomers of the future may yet find themselves defining a 
minor planet as a body of meteoric type observed outside the 
earth’s atmosphere by reflected sunlight; or a meteorite as a 
minor planet which has collided with the earth ! 

The real importance of these recent discoveries, however, lies 
in the way in which they have revolutionised our conception of the 
extent of the solar system over which minor planets arc to be 
found. Until 1898 the asteroid zone was rigidly defined by the 
orbits of Mars and Jupiter; in the last few years the imier limit 
has been pushed to Mercury, and the outer to Saturn. Before 
1898 the nearest known approach of a minor planet to the earth 
still left them separated by some 60 miUions of miles ; the discovery 
of Eros (1898) reduced this figure to 14, that of Amor (1932) to 10, 
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that of Apollo (1932) to 3, that of Adonis (1936) to Ij, and that of 
Hermes (1937) to 

It may also bo pointed out that this extension of the minor 
planet zone has technically, at least, rendered unreal the distinction 
between superior and inferior planets. Apollo, Adonis and Hermes 
have properties pertaining to both classes : they are at times in 
inferior conjunction like an inferior planet, and at times in opposition 
or in quadrature, like a superior planet. 

Jupiter X and XI.—The satellite system of Jupiter is as 
remarkable as the history of its exploration is interesting. The 
first four moons discovered by Galileo in 1610, with the newly- 
invented telescope, are bodies two or three thousand miles in 
di*ameter, and of the fifth or sixth stellar magnitude, which revolve 
at distances from the planet varying from 3 to 13 Jovian diameters. 
These major satellites are the only ones discernible with a small 
telescope, and are the bodies used by Roemer in his famous deter¬ 
mination of the velocity of light. In the period 1892-1914 five 
others were discovered : No. V, only just over a diameter away 
from the parent body,^ is a 13th magnitude object; Nos. VI and 
VII, 80 diameters away, are respectively 14th and 16th magnitude ; 
No. VIII, 165 diameters away, is also 16th magnitude ; No. IX is a 
little further out than VIII, but is only 19th magnitude. The 
diameters of these minor satellites are a little uncertain, but prob¬ 
ably range between about 100 miles for V to 20 miles for IX. 
Satellites VIII and IX are of interest in that, like Phoebe, the 
outermost satellite of Saturn, and the satellites of Uranus and 
Neptune, their orbital motion is retrograde. 

Two new satellites of Jupiter were discovered in July last by 
Dr. S. Nicholson on photographs taken with the 100-inch reflector 
at Mt. Wilson. Like Jupiter IX, also discovered by Nicholson, 
these bodies are so small that they are of only about the 19th 
magnitude. Jupiter X is just over 80 diameters from the planet, 
and its motion was at first erroneously thought to be retrograde. 
The retrograde motion of Jupiter XT, which is nearly 160 diameters 
away, has however been confirmed by the later observations. 

The table on page 705 gives some particulars of the satellite 
system as we now know it, the order being of increasing distance from 
the planet. It will be seen that each of the new satellites belongs 
to one of the two sharply-defined groups into wliich the outer bodies 
are classed by their distances and their directions of motion. 

The discoveries have brought up the number of known p^netary 

* Planetary satellites are given serial numbers in order of discovery, not 
of distance from the primary. 
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HatelUtc. 

Mean 
DiHtance 
(10* lule.). 

Period 

(days). 

1 

Motion.* 

Diameter 

(miles). 

1 Discovery. 

V 

Oil 

0-50 

D 

^100 

i Barnanl, 1892 

I 

0-2« 

1-77 

I> 

2460 

! Galileo, 1610 

II 

0-42 

3’66 

D 

2000 

! do. 

III 

0-66 

7*1« 

D 

3540 

i do. 

IV 

j 1 17 

16-69 

D 

3350 

* do. 


f VI 

711 

250-6 

D 

^100 

Perrine, 1904 


Vll 

7 29 

260-1 

D 

1 '-^40 

do. 1905 


. X 

731 

260-5 

D 

-wl5 

NicholBon, 1938 


XI 

i 140 

693 

R 

--15 

do. 


VIII 

14 6 

739 

R 

>^30 

Melotte, 1908 

! 

IX 

150 

745 

R 

1 ~20 

Nicholgon, 1914 

i 


♦ D direct, R -=» rotrogra^lo. 


satellites in the solar system to 28, of which 9 are of retrograde 
motion. It is noticeable that in the planetary systems comi^rising 
a large family of satellites (Jupiter and Saturn), the motion of the 
outer members is retrograde. This fact brings into prominence the 
whole question of the origin of these outer satellites. Solar per¬ 
turbations are, of course, enormous at such distances : it has, 
in fact, been calculated that if Jupiter VIII should ever, at con¬ 
junction or opposition, get twice as far from its primary as it 
did in 1913—a supposition by no means wildly improbable—it 
would be captured by the Sun, and become an independent minor 
planet. Now we know (see the preceding section) that the asteroid 
orbits extend beyond Jupiter’s ; so it is equally conceivable that 
the reverse might occur, and a minor planet be captured by the 
combined attractions of the Sun and Jupiter to become a planetary 
satellite. Phoebe (Saturn IX) is in rather a different case. Assum¬ 
ing a circular orbit for Saturn and a negligible mass for Phoebe, it 
can be shown that the satellite cannot in present circumstances 
escape from the system. The factor of safety is such that correcting 
for the inaccuracy of the initial assumptions will not alter this 
conclusion. Conversely, then, the body has presumably not been 
captured relatively recently. 

Stability is, as a matter of fact, helped by retrograde motion, 
and it can be shown that a satellite as far out as Jupiter XI, VIII, 
or IX will probably be unstable if the motion is direct, but not 
if it is retrograde. It may well be, then, that there is a continuous 
process of exchange going on; a sort of friendly rivalry between 
the Sun and Jupiter for these tiny secondaries, with the planet 
wiling only if it can enlist a little fatherly help from the Sun, and 
losing even then if the resulting motion of the newly-captured 

zz 
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satellite is direct. The diameters of the outer satellites (see table 
above) are quite in accordance with this view. 

It is to be hoped that amongst the many observational pro¬ 
grammes with which the big American telescopes have to deal, 
time will be found to follow occasionally these outer satellites of 
Jupiter. Apart altogether from their value in giving a precise 
determination of the planet’s mass, such observations may help to 
decide one of the fascinating problems outstanding in the solar 
system. 

PHYSICS. By F. A. Vick, Ph.D., Univeruity Coliogo, London. 
Secondary Electron Emission. —If the surface of any solid is 
bombarded with electrons whose speed is above a certain value, 
electrons in the solid may receive enough energy to emerge from 
the surface. These “ secondary electrons ” may be captured by 
other surfaces if the potential distribution is favourable, or they 
may return to the solid. The number of secondary electrons 
liberated is sometimes much greater and sometimes much less than 
the number of primary electrons striking the surface, depending 
upon the nature of the surface and the direction and velocity of the 
primary electrons. In all “ vacuum tubes ” in which electrons strike 
surfaces secondary emission is likely to occur, and in most cases it 
is a disturbing factor, for example in wireless valves. Sometimes, 
however, secondary emission is useful, as in the escape of electrons 
from the fluoresc-ent screen of a cathode-ray oscillograph. Recently, 
too, high secondary emission has been applied to the amplification 
of small currents (in the “ secondary electron multiplier ”). It is 
thus important to be able to prepare surfaces emitting very few 
electrons, and also surfaces emitting as many as possible. For this 
to be done efficiently, it is necessary to know something about the 
mechanism of secondary emission and the relative importance of 
the various factors involved. 

Consider first the energy distribution of secondary electrons 
liberated when a beam of primary electrons of definite energy strikes 
a target at a given angle of incidence (perpendicular to the surface, 
for simplicity). One type of apparatus employed to determine this 
distribution is illustrated in Fig. 1. The various electrodes, probably 
of molybdenum, are mounted in an evacuated glass enclosure and 
can be cleaned and baked in the usual way. The primary beam is 
formed by thermionic emission from cathode K (which may be a 
tungsten or nickel surface coated with alkaline earth oxides, 
indirectly heated by filament F), accelerated by the positive potential 
of A with respect to K. The potential of the cylinder 0 is adjusted 



PHYSICS 


707 

until the beam is narrow. All electrons liberated and scattered by 
the target T are collected by S if its potential is positive with respect 
to T. The dimensions of T are small enough for the field in its 
neighbourhood to be approximately radial. By magnetic attrac¬ 
tion on a piece of soft iron attached to the rod B, the target can be 
withdrawn from the sphere in order that it may be cleaned by strong 
heating, or to allow layers of other material to be deposited on its 
surface. 

If the potential of 8 is made V volts negative with respect to T, 
only those electrons leaving T with energy equal to or greater than 
eV will reach 8 (e being the charge of an electron). The current 
flowing between T and 8 is a measure of this number. The net 
current between K and T represents the difl'erenc^e between the 
number of primary electrons reaching T per sec. and the number 
leaving. If, on tlie average, each primary electron liberates more 
than one secondary, the net current will be opposite in sign to the 
primary current itself. Multiple reflection of electrons between 
target and 8])here is negligible. Often the current, I^, between T 
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and S is plotted against retarding potential V, for a given energy 
of the primary electrons, but tliis does not give directly the energy 
distribution of the secondaries, because the current at any abscissa 
Vi represents aU the electrons having energy ^eVi. 

Let dN be the number of electrons leaving T with energies 
between E and E dE, N = /(E) and E = eV. Then 

I. =c.f*/(E)dE and = c./.(E) 

j Rt dUi 



where c is a constant. 

Therefore the shape of the energy distribution curve (which shows 
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the number of electrons leaving T at each energy eV) is obtained by 
plotting dl,/(N against V. 

The t)^ of apparatus represented by Fig. 1 has been used by, 
among others, H. E. Farnsworth (Phye. Rev., 25, 41, 1926), H. Bruin- 
ing and J. H. de Boer (Pkysica, 5, 17, 1938). The method is not 
really suitable for very low values of V, that is for low energy 
secondaries, because the space charge of electrons round the target 
then results in a potential minimum between target and sphere. 
(C/. Reimann, Thermionic Emission (1934), p. 43.) 

In another method the secondary electrons pursue with velocity 
V a semicircular path of radius r in a uniform magnetic held strength 
H, according to the well-known relation 

= H.l.r. 

m 

With constant H, a “ magnetic spectrum ” is formed on a photo¬ 
graphic plate, from the blackening of which the velocity distribution 
can be determined. Alternatively, r is defined by a series of slits 
and the electrons are collected by a Faraday cage. The current to 
the cage at various values of H is measured. From the velocity 
distribution so obtained, the energy distribution is derived by 
dividing the ordinates by t; and multiplying the abscissae by v, since 

E = ^mr*, dE = mv.dv 

and if dn is the number with velocities between v and v + dv, 
dN is the number with energies between E and E -f dE, 

dN _ 1 dn 
dE mvdv 

{cf. Kollath, Ann. der Physik, 27, 721, 1936). This energy distribu¬ 
tion curve is for electrons leaving the target in the direction of the 
first slit, and to get the total distribution the process must be 
repeated for various orientations of the target. A good example 
of the use of the magnetic method is provided by L. J. Haworth 
{Phys. Rev., 48, 88, 1935). 

An examination of typical energy distribution ciuwes (e.g. Rud- 
berg, Phys. Rev., 50, 138, 1936 ; Haworth, loc. cit.) shows the exist¬ 
ence of two well-marked maxima. The first is at a low energy, 
between 2 and 16 volts, the distribution about it being approxi¬ 
mately Maxwellian. The position of the second corresponds exactly 
to the energy of the primary beam in each case, and therefore 
represents primary electrons reflected without loss of energy. The 
position of the :^t maximum varies very little with change of 
primary energy over a wide range. The electroos included in this 
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region are not only secondaries (which, strictly, are those which 
were not in the primary beam but liberated from the solid itself), 
but also primaries which have been inelastically scattered from the 
solid, probably after having penetrated several atomic layers. In 
many oases, however, the number of scattered primaries is small 
compared with the number of secondaries liberated. 

Of great importance is the variation with primary energy of the 
total number of secondaries, S, liberated on an average by one 
primary, and its dependence on the nature of the surface bombarded. 
The apparatus of Fig. 1 can be used, the potential of the sphere, S, 
being maintained at a few volts {e.g. 10) positive with respect to 




Fto. 2. 

the target, while the potential difference between K and T is varied 
to give various primary energies. A few representative results are 
given in Fig. 2 (reproduced fix>m Braining, Philips Tech. Mev., 3| 
80, 1938). It will be seen that d reaches a maximum at primary 
energies corresponding to 200-600 volts. The occurrence of this 
maximum can be explained in the following general way. As the 
primary energy increases, more electrons in the solid are given 
sufficient energy to permit them to escape if their directions of 
motion near the surface are favourable. But at high velocities the 
primary electrons will penetrate further into the solid and secondary 
electrons freed from these depths will have more chance of being 
scattered and losing their energy before reaching the surface. Brain¬ 
ing has estimated the depth at which secondaries are freed in Ni, 
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with 500 volts primary energy, to be about 20 atomic layers {Physica, 
3, 1046, 1936). There is still a certain amount of disagreement over 
this figure. 

It should be emphasised at this stage that thin films of oxide, 
adsorbed gas layers, grease, etc., on the surface of the target have 
a great influence on d. Cleaning a metal surface by strong heating 
in a high vacuum nearly always reduces d considerably, and until this 
is done the results will not be characteristic of the metal. Some 
curves illustrating the effect of outgassing are given by Farnsworth 
{Phys. Rev., 20, 368, 1922). Haworth (Phys, Rev., 48, 88, 1935) 
kept his target hot while taking measurements. If this procedure 
is adopted it may, of course, be necessary to correct for thermionic 
emission from the target (which merely adds on to the secondary 
emission), d seems to be independent of the temperature of the 
target (Hyatt and Smith, Phys. Rev., 32, 929, 1928 ; Sixtus, Ann. der 
Physik, 3, 1017, 1929 ; Treloar and Landon, Proc. Phys. Soc., 50, 
625, Sept. 1938). Pure metals have quite low values of d. Table 1 
(adapted from Bruining, Philips Tech. Rev., 3, 80, 1938) shows some 
recent values, for a primary energy of 150 volts. 


TABLE I 


Metal. 

a 

Work Function (voltw). 

Cb. 

0-65 

1-81 

Ba. 

0-63 

211 

A1. 

0-86 

2-26 

Li. 

0-45-0-5(5 

2-28 

Mg. 

0-90 

242 

Be. 

0-62 1 

316 

Mo. 

100 i 

415 

Cit. 

0-90 1 

4*30 

W. 

0-75 

4-52 

Fe. 

0-97 

4-77 

Ni. 

0-94 1 

503 

1 


These values are lower than those reported for the same metals by 
earlier workers, for the reasons indicated. 

Values of d for oxidised or contaminated surfaces are given in 
Table II (Bruining, loc. cit.), for the same primary energy. 


TABLE II 

Stirflioe. 

Li, sublimed in a poor vacuum . 

Cs, oxidised in dry oxygen 

MgO. 

BaO. 

Al<f a thin layer of oxide 


6 

3*26 
3-4 
2-6 
ca 8 
2*1 


A glance at Table I will show that work function is not the only 
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factor upon which 6 depends. This we would expect, because, for 
a given primary energy, d will depend on (a) the number and energy 
of secondary electrons liberated in the material, and (6) the height 
of the potential barrier at the surface, (a) will depend upon factors 
analogous to ionisation potential in a gas, and (6) upon the work 
function. (Some factors influencing d are discussed by Bruining in 
a series of papers commencing in the 1938 volume of Physica.) 

For a given metal, the work function can be altered by ilM 
deposition on its surface of monomolecular layers of the alkali 
metals (e.g. Ba, Th). Exi)eriments performed by Copeland {Phya. 
Rev., 48, 98, 1935) and Treloar {Proc. Phya. 8oc., 49, 392, 1937) 
indicate that so long as the secondary electrons originate in the 
underlying metal and not in the adsorbed layer, d increases as the 
number of adsorbed atoms rises from zero to a full monatomic layer, 
that is as the ^brk function falls. The question is much more 
complicated when the electrons are liberated from the layer itself. 
We have already seen that an oxide layer increases A considerably. 
It is therefore the oxide-coated surface or complex layers like Cs 
on CsjO on Ag (Penning and Kruithof, Physica, 2, 793, 1936) 
which we shall use if we desire a high 6. In most practical applica¬ 
tions it is necessary for ^ to be constant, and many complex layers 
are unsuitable in this respect. MgO is one of the most stable sur¬ 
faces with a reasonably high d. For the application of such surfaces 
to the secondary emission multiplier see Zworykin, Morton and 
Malter, Proc. Inst. Bad. Eng., 24, 351, 1936. 

Up to now we have considered surfaces which are reasonably 
smooth (with the possible exception of the oxides). If, however, 
the surface is rough or covered with particles of carbon or metal, 
secondary electrons leaving the solid proper may yet be caught in 
the “ labyrinth.” This will have the effect of reducing d. It is for 
this reason that the anodes of many valves are coated with a black 
deposit of sputtered metal or of carbon (at the same time this process 
makes for better radiation of heat). Curves in Fig. 2 show the 
difference in 6 for ” rough ” and “ smooth ” carbon. Complications 
may arise if during use Ba or Sr is evaporated from the oxide-coated 
cathode on to the anode. The effect of this is discussed by H. Bruin- 
ing, J. H. de Boer and W. G. Burgers (Physica, 4, 267, 1937). 

Furthermore, 6 at constant primary energy rises as the field tend¬ 
ing to draw electrons from the surface is increased. According to 
Table I, Li, Be, or Cs would be good surfaces to use where secondary 
emission is not desired, but in practice there is usually sufficient 
residual gas to oxidise these surfaces slightly, and these increase A 
as Fig. 2 shows. 
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This article is intended to set down main prindples for the 
general reader, and cannot be comprehensive in the space available. 
No mention has been made of angular distribution of secondary 
electrons, or fine structure of the curves or detailed theory. An 
extensive bibliography up to December 1936 will be found at the 
end of a paper by KoUath {Phys. Zeita., 38, 202, 1937). 

METEOROLOGY. By E. V. Newnham, B.Sc., Meteorological OfHco, 
London. 

ELaTABATio Winds. —^The severe frosts of the middle of May 1936, 
which over wide areas completely destroyed the foliage of many 
kinds of deciduous tree, did so much damage to the blossom of 
fruit trees that an impetus was given to the study of late spring 
frosts. At the East Mailing Agricultural Research Station a pro¬ 
gramme of research work was drawn up which was to begin with 
the study of katabatic winds, i.e. with those winds that arise owing 
to the cooling of the groimd by radiation under a clear sky at night. 
This cooling is communicated to the air nearest to the ground and 
results in that air becoming denser. When this happens on hilly 
ground a difference of density is set up between the air on the 
sloping hillside and the “ free ” atmosphere at the same level over 
lower ground, a state of affairs favourable for atmospheric con¬ 
nection. According to the idealised conception favoured by some 
text-books of meteorology the result is simply a downward flow 
of air in the valleys and an accumulation of the chilled air in the 
valley bottoms. This conception appears to be supported by the 
frequency with which the temperature reached during a clear and 
nearly calm night is lower in the valleys than on the hills. The 
study of katabatic winds initiated at East Mailing arose from the 
fact that matters are not quite so simple as the above explanation 
implies. Fruit growers are familiar with the existence of “ frrost 
pockets,” i.e. hollows especially liable to spring frost and which 
are therefore bad places for the planting of fruit trees, but have 
also often observed the damage on a particular night to be very 
variable over a short distance, e.g. all the trees in one orchard 
may be damaged while those in another at about the same level 
may be untouched. AU who have studied the subject have been 
fmrced to recognise that it is not nearly so simple a subject as it 
appears to be at first sight. In the Quarterly Journal of the Royal 
Meteorological Society for October 1938, a summary of the work 
carried out at East Mailing so far is given in a paper by C. E. Coni' 
ford entitled ” Katabatic Winds and the Invention of Frost 
Damage.” 



MKTBOROLOay 


713 


Before describing the results obtained it will be as well to say 
a little about the instrumental difficulties encountered and how 
they have been met. At first sight the measurement of air tem¬ 
perature may seem rather more easy than it usually is, seeing that 
the observations are made between sunset and sunrise and the 
thermometers therefore do not have to be protected against solar 
radiation. Actually this is not the case. If we were only con¬ 
cerned with cloudy and windy weather it would be possible to get 
a reasonably close approximation to air temperature by simply 
suspending the bare thermometer wherever a reading is required, 
but on a calm and nearly cloudless night the bulb of the thermometer 
quickly loses heat by radiation whereas the surrounding air does 
not. The result is that a freely exposed thermometer bulb becomes 
colder than the surroxmding air. The difference in temperature, 
moreover, does not tend to a steady value, but is affected by every 
small change of the wind, even though the latter may be always 
80 light as to come within the meteorologists’ definition of a “ calm ” 
(i.e. less than 1 m.p.h.). The difference becomes large when 
practically all air movement (teases and at once diminishes when 
a slight draught brings new air into contact with the thermometer 
bulb. To meet this difficulty the bulbs of all the thermometers 
were fitted with cylindrical metal shields separated by a small 
annular air space and provided with small ventilation holes to 
allow air to pass between the thermometer bulb and the inner 
shield and between the two sliields. The arrangement is virtueilly 
that of the Assmann psychrometer, but with a natural draught 
instead of a forced draught and is therefore dependent for its 
success on there being always some air movement, so that the 
air between the two shields is carried away before it has had time 
to be appreciably chilled by contact with the outer shield (which 
will have lost heat by radiation). Under these conditions the 
bulb of the thermometer is surrounded by a screen which is at a 
temperature very close to that of the free air, and the thermometer 
will show true air temperature. As no figures are given to show 
to what extent the arrangement proves successful, there remains 
some uncertainty as to whether the readings on the calmest occa¬ 
sions may not be a little too low. 

For the measurement of wind a special form of “ swinging 
plate anemometer was devised that would be effective in very 
light winds (0-6 m.p.h.). It consisted of two light silk “ plates 
with their axes at right angles, the swinging movement of these 
plates, due to wind pressure, being transformed by a system of 
levers into up and down movements of a pen recording on a revolv- 
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ing drum. The plates were so set that one pen recorded the south 
to north and the other the west to east component of the wind, 
but as the anemometer was not compared with a standard the 
values of the velocity scale were not accurately known and could 
only be used for comparative purposes. The instrument was used 
in conjunction with a thermograph that recorded temperature on 
the same drum. Observations were made at a number of different 
places some planted with fruit trees and others uncultivated, and 
in the former case some observations were made of the effect of 
orchard heating. 

Observations of temperature with orchard heaters in operation 
were made on five nights in the spring of 1936, with a view to 
finding suitable methods for estimating the effectiveness of the 
heaters. Two methods were employed : 

(1) Minimum thermometers with radiation shields were placed 
on a mast at heights of 3 in., 10 ft. and 20 ft. in the middle of the 
heated area and 200 yd. away in the same orchard, and the recorded 
temperatures were compared. 

(2) Comparisons were made between the readings of whirled 
unshielded thermometers at a height of 3 ft. at the middle or the 
leeward edge of the heated area and those of a similar thermometer 
on the windward edge of the heated area (whirled thermometers 
may be expected to give an even closer approximation to true 
air temperature than shielded thermometers). 

The results obtained were rather disappointing. The heated 
area was only 1 acre in extent and contained 60 Harrington heaters, 
uniformly distributed. It appears that when the heating is applied 
to such a small area the effect is small and only detectable after 
various precautions have been taken. Thus, the temperature is so 
much affected by the nature of the covering of the ground that 
any difference observed may be due much more to that cause 
than to the heating. Not all the observed anomalies were, how¬ 
ever, explained, e.g, why on the night of April 22-3 it was 1*6® F. 
colder at a height of 20 ft. in the heated area than at the same 
height outside. 

Observations of katabatic winds were also made in places 
specially chosen so that the meteorological effects might be most 
marked. The first place selected was Bluebell Hill on the North 
Downs in Kent, with a gradient of 1 in 3. In a south-facing meadow 
on the hilltop the wind was from south and had a speed between 
5 and 10 m.p.h., although the air was calm not far away in the 
Medway valley. Proceeding downhill the southerly wind diminished 
in force until a level was reached where no wind could be detected. 
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This calm zone was about 12 ft. wide. Below it was a very light 
wind blowing down the slope—the katabatic wind. This phe¬ 
nomenon of an uphill hilltop wind separated from the katabatic 
wind by a calm zone, which does not appear to have been noted 
by other observers, was found at other places during the summers 
of 1936 and 1937. The hilltoj) wind was found, moreover, in all 
seasons on nineteen clear niglits when it was calm in the valleys, 
and on fifteen of these nights preserved the same direction as that 
of the wind of the day before. 

The influence of woods on the katabatic wind was studied on 
Bluebell Hill. It was found, early in September 1937, that the 
katabatic wind was present both within and below a wood con¬ 
sisting of widely spaced beech trees about 30 ft. high and a dense 
undergrowth reaching down to the surface of the ground. The 
trees were too far apart to form an overhead canopy. Similar 
results were obtained in a different type of wood in another part 
of the country in July 1937. This is an interesting observation 
in view of the relative impenetrability to ordinary winds of woods 
like these that appeared solid to the eye. It may be due in 
part to the slow and steady character of the katabatic winds and 
perhaps also, one might add, to their stability, which makes it 
difficult for them to surmount tall obstacles. On the other hand 
a 3 ft. thick beech hedge, 7 ft. high, was observed on one occasion 
to be surmounted by a katabatic wind wliicli had a speed of 1 m.p.h, 
in the open, and comparisons with anemometers showed that the 
wind did not penetrate the hedge. 

The winds on the slope facing away from the hilltop wind were 
studied. On one occasion (March 22, 1937) when katabatic winds 
were blowing on the lower slopes of a hill facing the hilltop wind, 
it was found, by observations of smoke, that on the leeward side 
of the hill the air was calm for a depth of several hundred feet 
over the foot of the steepest part of the slope. This Comford 
explains as being the result of the formation of an eddy by the 
hilltop wind, the return current of which would just coimterbalanoe 
the katabatic wind. It was observed on several occasions that the 
katabatic wind blew no faster when the hilltop wind had the same 
direction than when the latter was from the opposite direction to 
that of the katabatic wind. 

Variations of temperature within katabatic winds gave no 
simple relationship between temperature and altitude: some¬ 
times the lowest and sometimes the highest places had the lowest 
temperatures. The influence of the nature of the vegetation 
covering the soil on temperature, to which reference has already 
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been made, is one disturbing factor, because the existence of a 
dense covering of grass or clover was found to produce a marked 
lowering of the temperature. This effect was so pronounced that 
in some regions a particular spot was the coldest on every occasion, 
and the whole series of thermometers was apt to show a distribution 
of temi)erature quite unrelated to elevation. The vegetation factor 
was eventually studied alone by selecting level land with a large 
variety of clover, in Kent. On several successive nights it was 
found that the minimum over grass or clover was from 5 to GJ® F. 
lower than the minimum over bare soil. There was a marked 
difference also between the minimum over tall dense grass and 
that over shorter and irregular grass, the former being the lower 
by about 3'^ F. It was also observed that the lowering of the 
minimum temperature is greater in the middle of a grass field than 
near the margins between it and bare or less densely covered ground. 
Experiments made at Birling with a line of thermometers set in 
the direction of the katabatic wind, so that air passed successively 
over all the thermometers in turn, showed that the air temperature 
fell about 2® F. when air passed from bare soil to wheat and returned 
almost to its original temperature when it emerged from over the 
wheat and again passed over bare soil. These observations were 
made in June 1937 with a katabatic wind blowing at a speed of 
2-3 m.p.h. A very good example of the overshadowing of the 
effect of elevation by that of vegetation was obtained in July 1937 
in a small valley at Leckford, Hants. The higher ground adjoining 
this valley was grass-covered while the valley bottom was bare. 
A line of 18 thermometers was placed in the valley bottom and 
others on the grass-covered slopes. The lowest temperatures were 
recorded over the grass-covered slopes; in some instances tem¬ 
perature was as much as 3*5° F. higher in the valley bottom, although 
records with anemometers showed that the air moved down from 
the colder to the warmer regions and thereby reduced the difference. 
When, however, differences of vegetation were not present, i.s. when 
both the high and low ground were both grass-covered or both bare, 
the lowest temperatures were generally found at the lowest levels. 
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BIOCHEMISTRY. By W. O. Kermack, D.Sc., LL.D., F.R.S.E., 
K<^Bearch l^aboratory, Royal C\>lloge of Physicians, Edinburgh. 

The Structure of Proteins. —Nothing is more urgently required 
by the biochemist than a more complete knowledge of protein 
structure. Substances of this class are so essential to living cells 
and perform so important functions that it is not surprising that 
in spite of their unpromising complexity they are the subject of 
ever-increasing interest. The great interest in the subject at the 
present time is shown by the number of books recently published 
on the subject and of general discussions wliich have taken place. 
We may instance, for example, the comprehensive volume edited 
by Carl L. A. Schmidt under the title of Chemistry of the Amino 
Acids and Proteins, Lloyd and Shore’s Chemistry of the Proteins of 
which the second edition has recently been published, and the 
discussions held on protein chemistry at the British Association 
1937 and at a meeting of the Royal Society in November 1938 (cf. 
Nature, 1938, 142, 1023). 

It is characteristic of the modem attack on the problem of 
protein structure that it is being carried out simultaneously on a 
large variety of fronts. The techniques of organic chemistry, of 
enzyme chemistry, of X-ray analysis and electron diffraction, the 
large resources of physical chemistry, viscosity measurements, 
dielectric constants, conductivity and Raman spectra are all being 
applied in their appropriate place, A small volume would be 
required to give even a condensed summary of this large mass of 
reseturch. In the present article we can deal with only one or two 
of the more interesting advances and speculations. Reference may 
here be made to an able review recently published by T. W. Taylor 
(Ann. Bep. Chem. 8oc., 1937). 

According to the classical view, a protein molecule consists of a 
large number of amino acids, bound together in long chains, chiefly 
by means of peptide linkages. Though much evidence has aocumu- 
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lated in favour of this conception of protein structure, it has not 
been entirely unchallenged. Amongst the products of protein 
hydrolysis, there are found not only amino acids and polypeptides, 
but also diketopiperazines (1), formed from a dipeptide by loss 
of water. 

OC-CHR 

/ \ 

HN NH 

\ / 

RHC-CO 

(I) 

R represents a side chain characteristic of the amino acid. 

These diketopiperazine rings may either exist in the original 
protein molecule or be formed from the amino acids during the 
process of hydrolysis. Few probably would reject the possibility 
that a protein may contain a small number of preformed diketo¬ 
piperazine rings. But the idea has been put forward that such 
rings play a much more important role, that they are the essential 
units of the protein molecule and that the latter is formed by the 
aggregation or polymerisation of numerous diketopijwazine rings. 
It was pointed out that no protease, that is an enzyme acting on a 
native protein, would hydrolyse any synthetic polypeptide, whilst 
no polypeptidase, the type of enzyme which acts on polypei)tide8, 
natural or synthetic, would attack a native protein. These facts 
certainly form a prima facie case against the view that the peptide 
chain exists in the native protein ; for enzymes which split native 
proteins, presumably do so by hydrolysing peptide links and should 
also act on the peptide links of suitable sjmthetic polypeptides. 
The difficulty became more acute when Ishiyama and Tazawa (of. 
J. of Biochem. Japan, 1932-33, 17 , 285, and Acta phytochim, Tokyo, 
1935, 8, 331) reported that trypsine and pepsine could slowly 
hydrolyse suitable diketopiperazine derivatives. This result was 
of course a strong argument in favour of the existence of preformed 
diketopiperazine rings in the protein molecule. 

Recent work, however, has removed these objections to the 
peptide theory of protein structure. First of all, very serious 
doubt has been cast on the results of the Japanese workers. Wald- 
schmidt-Leitz and Gartner (Z. physiol. Chem., 1936, 24 , 221) and 
Greenstein (J. Biol. Chem., 1936, 112 , 517) report that proteinases 
and even polypeptidases failed completely to hydrolyse diketo- 
piperazines. Furthermore, Bergmann and Fruton have found that 
certain proteinases will act on particular polypeptides which they 
have prepared synthetically (J. Biol. Chem., 1987, 118 , 406)* 
Thus chymotrypsin acts on oarbobenzoxyglycyh^tyrcwylglyoiiie- 
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amide with great rapidity. Other proteinases such as oathepsin, 
bromelin and papain, hare also been shown to attack suitable 
synthetic polypeptides so that the enzymatic evidence is now 
strongly in favour of the existence of the peptide linkage in the 
protein. 

Perha£)H the most interesting and fundamental of Bergmann’s 
many recent contributions to protein chemistry is that which he 
and Niemann have published in a series of papers on protein struc¬ 
ture. The experimental side of this work consists in the deter¬ 
mination of the amino acid content of a number of proteins, includ¬ 
ing gelatin, cattle haemoglobin, egg albumin, serum fibrin and silk 
fibroin (Bergmann, J. Biol. Chem., 1935, 110 , 471 ; Bergmann and 
Niemann, ibid., 1936, 115 , 77 ; 1937, 118 , 301 ; 1938, 122 , 677). 
These determinations have been made with the maximum possible 
accuracy, and in order to attain this they have developed a number 
of new analytical methods which, however, cannot be discussed here. 

It has of course been long appreciated that accurate analysis 
of a protein, as of other compounds, yields important information 
about the molecular structure, and in particular about the molecular 
weight. Thus if hiemoglobin contains 0-33 per cent, of iron (atomic 
weight 66), it follows that the molecular weight must be 

~ 17,000or some exact multiple of this, as the haemoglobin 

molecule must contain one, two, three or some other exact number 
of iron atoms. If it is further found that it contains 4 atoms of 
iron to 3 of cysteine sulphur to 12 of arginine, then the molecular 
weight must be about 4 x 17,000 == 68,000, or some exact multiple 
of this. 

Bergmann and Niemann make two fundamental assumptions 
in developing their theory of protein structure. They first of all 
assume that the constituent amino acids are arranged in a simple 
linear series, that is, there is no branching of the polyi)eptide chain. 
A cyclic arrangement, however, is not excluded, and indeed would 
seem to avoid certain difficulties to be mentioned later. The second 
assumption is that the same amino acid occurs at regular intervals, 
that is to say, periodically along the chain. Thus, for example, 
every second acid might be glycine, every fourth one alanine and 
eveiy sixteenth one tyrosine and so on. The number denoting 
thespsunng, 2,4, or 16 . . . is called the frequency and denoted by/. 

One simple experimental test of the theory at once suggests 
itself. If the assumed frequencies be calculated from experimental 
data, they should always turn out to be whole numbers (within 
experimental error). In order to calculate the frequency of a 
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particular amino acid we require not only the weight W of that 
amino acid yielded by 100 g. of the protein and ita molecular weight 
M, but alao the average molecular weight of all the amino acids in 
the protein. The latter less 18, the molecular weight of water, 
gives the average molecular weight of the amino acid residues in 
the protein molecule. If this value is A, then lOO/A is the number 
of amino acids in 100 g. of the protein. As this yields W g. of 
the acid in question, or W/M molecules, the frequency must be 
100/A divided by W/M or lOOM/WA. 

If the complete analysis of the protein could be accurately 
carried out, the exact value of A could be calculated. However, 
in the best cases, only about 80 })er cent, of the protein is accounted 
for by the analysis and all that can he done is to calculate A from 
this fraction. In certain instances a small correction justifiable on 
the basis of special considerations, may be introduced, but naturally 
the admission of more or less arbitrary modifications of this kind 
lessens the significance of the results. The experimental values F' 
found for the various amino acids in a number of proteins are 
shown in Table I. 


TABLE I. 


Amino Add. 

Silk Flbrotn. 

Cattle Ololiin. 

Sluud Fibrin. 

r 1 F 

r 

F 

r 

•K 

Glycine .... 

AUuiine .... 

Tyrosine .... 
Arginine .... 

lysine. 

Histidine .... 
Aspartic Acid . 
Glutamic Acid 

Proline. 

Cysteine .... 
Tryptophane . 
Metnionine 

204 2 

401 1 4 

163 1 16 

2181 216 

095-3 1 648 

26370 ; 2592 

1 

47*5 

48-6 

16-8 

18 1 
180 
36*4 
47-4 
190-5 

48 

48 

16 

18 

18 

36 

48 

192 

i j 

17-4 

11 1 
47*6 

17 3 
8-0 
17-3 
62-0 
31-4 
44-1 

18 

12 

48 

18 

8 

IS 

64 

32 

48 

Number of Beeidues . 

-- 1 2692 

— 

I 576 

1 

576 

Average Kesidue 

i 

1 




Weight (A) . . . 

— 84 


115-6 

— 

180 

Molecular Weight 

1 





(Minimum) . . . 

— 217,728 

1 

j ..... 

66,528 


74,880 


lOOM 
' WA 


18 the experimental value of the frequency F. 
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If we first of all consider those amino acids which have relatively 
low frequencies it will be seen that in almost every case the value 
of P' is a whole number of the form 2^3^^, m and n being either 0 
or an integer. The more reliable the analytical method for the 
acid in question, the more exact in general is the agreement. Berg- 
mann and Niemann therefore make a tliird assumption—namely, 
that all the frequencies are of this form. The observed values of 
the larger frequencies sometimes involve considerable experimental 
errors, but as will he seen from the table they do, in fact, lie in the 
neighbourhood of integers of the assumed type, which latter are 
therefore taken as the correct values of the frequencies in question. 

If we regard the ])olyi>eptide chain os a closed cyclic one, the 
periodic hypothesis implies that the total number of amino acid 
residues must be an exact multiple of each frequency the molecule 
contains, that is to say, the number of amino acid residues must 
be either the lowest common multiple of all the frequencies or 
some simple multiple of this. Clearly the minimum number must 
l>e of the form 2^3^ where M and N are integers. In cattle hsemo'* 
globin, for example, the number was found to be 576 or 2®3* The 
molecular weight is then found by multiplying this number by the 
average residue weight A, in this case 115-5. 

Thus the minimum molecular weight of cattle globin is found 
to be 66,500, a result in close agreement with that found by other 
methods. The minimum molecular weights of other proteins 
calculated by this method are given in the table. 

One important consequence of this theory is that it implies 
that the molecular weights of the proteins are not distributed at 
random but that the proteins fall into a series of classes, each con¬ 
sisting of those with the same number of amino acids and therefore 
of approximately equal molecular weight. Thus those of one class 
contain 288 amino acid residues, those of another 576 and so on, 
and the exact molecular weight will depend on the average residue 
weight for that particular protein. As the number of amino acids 
is always of the form 2**3^, it is to be exi)eoted that the molecular 
weights will appear in classes grouped round average values which 
bear whole number relations to each other. Now this is precisely 
the state of affairs found experimentally by Svedberg. A number 
of proteins have molecular weights of approximately 34,000, others 
68,000, others about 140,000 and so on (c/. Soibnc® Progress, 
1938, 27 , 418). More recently a group has been found with mole¬ 
cular weight of about 18,000 (c/. Svedberg, Nature, 1937, 139 , 
1061), and if 17,600 is taken as the unit, the vast majority of the 
40 odd proteins examined are found to have weights in the neigh- 
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bourhood of an exact multiple of this unit. Furthemore, the 
multiples are found to be 1, 2, 4, 8, 10, 24, etc., all of which are 
numbers of the form 2*” 3" as required by Bergmann’s theory. 
Moreover, 17,600 would itself correspond to 144 residues which 
is 2*3* so that Svedberg’s experimental results are exactly what 
one woidd expect if Bergmami’s theory were true. 

All this is very pretty, but the theory is not without its diffi¬ 
culties. The molecule of silk fibroin for example is certainly linear 
and not cyclic. Now, the periodicity hypothesis applied to a linetir 
chain means that the enzymatic or other regulating forces which 
control the synthesis of the molecule not only control the periodic 
spacing but manage to accommodate the end effects. If, for 
example, an acid with a frequency of 64 begins 13 from the begin¬ 
ning of the molecule it must finish 64 — 13 == .'ll from the end. 
It is not easy to see how this relationship can be ensured between 
the two ends of a molecule separated by perhaps thousands of 
amino acids and peptide links. It must, too, be remembered that 
from simple stoichiochemical considerations, such as were referred 
to at the beginning of this discussion, and Bergmann's accurate 
analysis of the proteins, approximate minimum molecular weights 
can be deduced without making use of Bergmann’s assumptions. 
We would not, of course, in this way be able to deduce the exact 
number of amino acids—^in a globin molecule there might be 560 
or 580—but it has not yet been proved that the number is really 
exactly 576. Bergmann’s assumptions fit the facts but cannot be 
looked upon as completely proven. This is especially the case in 
relation to the rarer amino acids in a molecule for which the fre¬ 
quency is large. If an acid, for example, is found with a frequency 
of 128 it would be difficidt to be certain that this acid does always 
occur at exactly regular intervals and that minor irregularities are 
excluded. Still greater accuracy in analytical methods may be 
required in order to establish how far the theory applies in 
complete detail. 

.Mother theory of protein structure which has attracted con¬ 
siderable attention during the past two or three years is that of 
the cyclol hypothesis proposed by Dr. D. Wrinch. The funda¬ 
mental assumption is that the polypeptide chain is folded into a 
system of rings each containing six atoms and that each six mem- 
bered ring is then completed by a slight rearrangement of the bonds 
and migration of a hydrogen atom. The process is illustrated 
in (11). 

As will be seen, some of the rings are diazine rings with two nitro¬ 
gen atoms and four carbons, others are triazine rings with three of 
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eacli kind. The system can readily be extended to form a mono- 
moleoular plain sheet, and it is believed that monomolecular films 
of protein consist of such cyclol sheets. 

The most interesting application of the cyclol hypothesis is, 
however, to the native globular proteins. It is shown that the 
cyclol framework folds naturally into an approximately spherical 
structure, a kind of network or cage, and calculation shows that 
such a cage may contain 72, 288, 648 . . . 72.n* amino acid residues. 
Now the second number of the series is 288 and it is therefore 
assumed that a cage molecule with 288 amino acids represents 
globular proteins such as Insulin with molecular weight in the 
neighbourhood of 36,000, 

The experimental observations relating to crystalline insulin 
are compared with this cage molecule theory at considerable length 
in a paper by D. M. Wrinch (Trans. Faraday Soc., 1937, 33, 1368), 
and it is concluded that the theory co-ordinates a large number of 
facts and is consistent with the known data. In particular the 
size of the globular molecule, which is readily calculated on the 
theory, agrees well with the space taken up by the molecule in the 
crystal of insulin. An attem))t has recently been made by D. 
Wrinch and I. Langmuir (J. Amer. Chem. Soc., 1938, 60, 2274) to 
obtain a much more decisive conclusion in favour of this theory 
from an analysis of the X-ray observations made by Crowfoot on 
crystalline insulin. The problem is so complex that various 
simplifying assumptions have to be introduced, but the general 
oonolusion is that the X-ray intensities observed agree closely 
witli those to be expected from a molecule of the shape and struc¬ 
ture they assume. This they regard as a triumph for the cyclol 
hypothesis and a proof of the correctness of the cage molecule 
structure (of. Wrinch and Langmuir, Nature, 1939, 49). 

It seems, however, that the experts are not convinced, Bernal 
and Bragg (Nature, 1939, 74) have independently pointed out that 
it is impossible to locate the position of thousands of atoms in a 
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molecule from a few dozen observations and that many other 
interpretations might be consistent with the facts. 

The two theories, those of Bergmann and Wrinoh, are both 
stimulating and attractive, but in'important respects they would 
seem to be inconsistent with each other. One postulates a linear 
arrangement of amino acids connected by jieptide links, the other 
assumes a two- or three-dimensional configuration involving the 
characteristic diazine and triazine rings. Bergmann would doubt¬ 
less agree that in the globular proteins his linear polypeptide is 
twisted into a three-dimensional configuration kept in position by 
relatively weak bonds which give way during de-naturation so 
that the protein collapses into more or less parallel bundles of 
peptide chains as suggested by X-ray observations (see Astbury 
and Lomax, J.C.8., 1935, 846). On the other hand the cage skeleton 
suggested by Wrinch has one feature which may be of great signifi¬ 
cance in relation to Bergmann’s results. It is a liighly symmetrical 
structure having planes of symmetry, axes of symmetry and, what 
is very important, the molecule has trigonal or hexagonal 83rm- 
metry about these axes. The various amino acids are characterised 
by their side chains, and it may be that what is important is that 
those side chains must be arranged so as to preserve elements of 
symmetry. To do this they must be introduoed in groups of 2 or 
3, 4, 6, 12, etc. A group of 7 identical side chains, for example, 
could not be introduced without disturbing the symmetry. Thus 
a three-dimensional network after the Wrinch pattern might form 
an explanation of Bergmann’s frequency rule. On the other hand, 
it may be doubted whether the oyclol cage can be insisted on to the 
exclusion of all other possibUities. The existence, for example, of 
proline and oxyproline residues in insulin and most proteins makes 
an exclusive cyclol theory impossible, for these two amino adds 
contain a secondary but no primary amino group, so that the 
cyclising process is excluded. Then, too, the fact that the native 
proteins contain not only 288 amino adds but also approximately 
144, 676, 864, etc., is troublesome. A less rigid theory of molecular 
architecture, perhaps laying much stress on hexagonal folding of 
the peptide chain and above all things emphasising symmetry 
considerations, but utilising many types of cross linkages other 
than the cyclol bond, may perhaps prove capable of accommodating 
more easily the experimental facts. Should this be so, the oydol 
hypothesis will have been a most valuable contribution as a simpMed 
model indicating the way. 
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GEOLOGY. By G. W. TYiiMU-, A.R.C.Sc., D.Sc., F.R.S.E., The 

University, Glasgow. 

Stratiqraphicai, and Reoionai, Gkolooy.—W. J. McCallien 
describes " The Geology of the Rathraullan District, Co. Donegal ” 
(Proc. Roy. Irish Acad., XLIV, Sect. B, No. 5, 1937, 46-69), a 
Dalradian area in which the t^rana Quartzite is correlated with 
the Crinan (Loch Awe) Grits of Argyllshire. The complicated 
structure of the quartzite group has been made out with the aid 
of the associated epidiorite sills. 

The Anniversary Address of the President, Professor O. T. Jones, 
to the Geological Society in February 1938, was “ On the Evolution 
of a Geo 83 rncline ” {Quart. Jmtm. Oeol. Soc., XCIV, 1938, Proc. 
Ix-cx), and was based on the deposits accumulated in the British 
area during the Lower Palaeozoic era. Three basins of deposition 
were developed simultaneously: the Welsh geosyncline wliich was 
continued into the I.<ake District, the Moffat geosyncline, and the 
Durness geosyncline with a ]) 08 sible extension into the Girvan 
district. Land masses occupied the sites of the Irish Sea and the 
region east of the Welsh geosyncline during parts of the era. All 
these areas are now covered by water, or by post-Palaeozoic deposits ; 
which appears to have been the usual fate of land masses that sup¬ 
plied sediments to the Lower Palaeozoic basins of deposition in 
many parts of the world. 

In his paper “ On the Sliding or Slumping of Submarine Sedi¬ 
ments in Denbighshire, North Wales, during the Ludlow Period,” 
0. T. Jones {Quart. Joum. Oeol. Soc., XCIII, 1937, 241-2830) 
comes to the conclusion that ” the disturbed beds are primarily 
tire result of recurrent sliding or slumping of the mudstones on 
the sea floor during the Lower Ludlow period, and that they now 
occur as intercalations at several horizons in a great stratigraphioal 
sequence of Lower Ludlow mudstones.” This is, of course, in 
accord with now prevedling views on the origin of “ disturbed beds ” 
at many geologioal horizons throughout the world. 

On the other hand, P. G. H. Boswell, in a paper entitled ” The 
Tectonic Problems of an Area of Salopian Books in North-western 
Denbighshire ” {ibid., 284-321), adheres to his earUer interpretation 
of the structuies of this area as of tectonic origin, although he does 
not dispute the occurrence of sliding and slumping at certain 
horizons and over strictly limited areas. 

In a paper on “ Contemporaneous Slumping and other Problems 
at Bray Series, Ordovician, and Lower Carboniferous Horizons in 
Co. Dublin,” A. Lamont {Proc. Roy. Irish Acad., XLV, Sect. B, 
No. 1, 1938, 1-82) describM submarine glidings of sediments which 
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appear to have been a surface expression of deep-seated teotonio 
adjustments. The Ordovician movements are connected with fault¬ 
ing between the Caradocian and Ashgillian. The Carboniferous 
landslides, which may have been set off by seismic agency, were 
intensified during the Nassau and Sudetic phases of orogenesis on 
the Continent. 

Studies on Welsh I^wer PalsBOzoic stratigraphy have been 
published in the following ])a{>er8 : S. H. Straw, “ The Higher 
Ludlovian Rocks of the Builth District ” (Quari, Joum. Oeol, Soc,, 
XCTII, 1937, 406-56) ; J. R. Earp, “ The Higher Silurian Rocks of 
the Kerry District, Montgomeryshire {ibid,, XCIV, 1938, 126-60); 
C. A. Matley, “ The Geology of the Country around Pwllheli, Llan- 
bedrog and Madryn, South-west Carnarvonshire {ibid., 555-606) ; 
H. B. Whittington, “ The Geology of the District around Llan- 
santffraid ym Meehain, Montgomeryshire ” {ibid., 423-57). 

The most striking result of E. M. L. Hendrik’s work on “ Bock 
Succession and Structure in South Cornwall : a Revision. With 
Notes on the Central European Facies and Variscian Folding there 
present ” {ibid., XCIII, 1937, 322-67) is that beds which have 
hitherto been represented on maps as “ Grampound,’’ “ Manaccan/' 
‘‘ Falmouth,” and part of the Veryan (Ordovician) Series, really 
form a continuous suite, now called the Gramscatho Beds, and are 
not older than Middle Devonian on stratigraphical and palasonto- 
logical evidence. I.«ateral movements which produced tectonic 
breccias are contemporaneous with an intrusion of serpentine like 
that of the Lizard. This intrusion and the pre-existing rooks are 
correlated with the serpentines and hornblende-schists of the Vari¬ 
scian folds in the Lower Carboniferous province of Central 
Europe. 

It has long been known that the Carboniferous Limestone Series 
in the Midland Valley of Scotland is prone to vary greatly in thick¬ 
ness from place to place. Following the work of R. W. Dron and 
a suggestion due to the late B. N. Peach, J. E. Richey (Swnm. 
Prog. OeoL Surv. for 1935,—Pari II, 1937, 92-110) has shown that 
these variations take place in the neighbourhood of, and In con¬ 
nection with faults that traverse the underlying formations, and 
were still moving during the deposition of the Carboniferous Lime¬ 
stone Series. 

Further pai^ers on British and Irish Carboniferous rooks are 
the following : J. S. Turner, “The Faunal Succession in the Car¬ 
boniferous Limestone near Cork ” {Proc. Roy. Irish Acad., XLIII, 
Sect. B, No. 13, 1937, 193-209); T. F. Sibly and S. H. Reynolds, 
“ The Carboniferous Limestone of the Mitcheldean Area, Gloucester* 
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ehire (Quart, Jaum, OeoL 8oc,, XCIII, 1937, 23-61); L. R. Moore 
and A. E. Trueman, The CJoal Measures of Bristol and Somerset 
(ibid., 195--240); E. Greenly, The Red Measures of the Menaian 
Region of Carnarvonshire ” (ibid,, XCIV, 1938, 331-46). 

The two following papers deal with aspects of (Carboniferous 
igneous history in the Midland Valley of Scotland : G. A. Gumming, 
The Structural and Volcanic Geology of the Elie-St. Monance 
District, Fife’’ {Tran^, Edin. Geol 8oc., XIII, Pt. Ill, 1936, 
34(t-66); C. G. Dixon, “ The Geology of the Fintry, Gargunnock, 
and Touch Hills ” (Oeol. Mag., LXXV^ 1938, 425-32). 

G. M. Lees and P, T. Cbx describe The Geological Basis of the 
present Search for Oil in Great Britain by the D’Arcy Exploration 
C/O., Ltd.” (Quart, Joum. Choi. AVx-., X(>I1I, 1937, 156-94). The 
proR{>ect8 cc»ver four separate and largely unrelated sots of geological 
conditions, namely, those of the Lower ('arlmniferous Oil Shale Series 
in Scotland, the Permian in North-Eastern Yorkshire, the Car¬ 
boniferous of the Midlands and eastern England, and the Jurassic^- 
Lower Cretaceous of southern England. Manj^ interesting new 
stratigraphical data have been gathered in the course of these 
investigations, but unfortunately little oil as yet. 

P. G. H. Boswell has summarised ” The Geolog}^ of the New 
Mersey Tunnel” (Proc, IJverpool Geol. Sor., XVII,*Pt. II, 1937, 
10G-91) from experience gained during its construction. The fault 
which had been predicted by Morton in the Middle Bunter Sand¬ 
stone was duly met with, as also the buried glacial c^hannel of the 
Mersey predicted by MeUard Reade. “ Never before has a buried 
glacial channel been explored so thoroughly as that of the River 
Mersey.” 

The following are recent pajws on tlie Pleistocene and Glacial 
history of Britain : L. J, Wills, ” The Pleistocene History of the 
West Midlands ” (British AssociaJtion, Pres. Addresses, Nottingham, 
1937, 71-94); 8. E. Hollingworth, ” The Recognition and Corre¬ 
lation of High-level Erosion Surfaces in Britain : a Statistical 
Study ” (Quart, Joum. Oeol Soc„ XCIV, 1938, 55-84); S, W. 
Wooldridge, ” The Glaciation of the London Basin and the Evolution 
of the Lower Thames Drainage System ” (ibid,, 627-67). 

In his paper ” Uber Sedimentgesteine in der Leptitformation 
MittebSohwedens—Die sogennante ‘ Larsboserie,' *’ S. Hjelmqvist 
(8ver. deal. VndersOk, Arabok, 32, No. 3, 1938, 5-39) de8cril)es the 
Iiarsbo Series as consisting of quartxites and mica-quartzites on the 
periphery of its outcrop, but passing through schistose greywaoke 
and mioa^schist to an innermost core of oligoolase-gneiss. The 
aeries belongEi to a geosynclinal, and is regarded as a Flysch forma- 
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tion built of the erosion products of mountain ranges due to the 
folding of the I^eptite formation. 

S. Feyn’s memoir on “ The Eo-Cambrian Series of the Tana 
District, Northern Norway ” {Norsk Oeol. Tidsskr., 17 , 1937, 6&-164) 
deals with the stratigraphy and petrology of a series of sandstones, 
siltstones and shales, with two horizons of tillite indicating a local 
glaciation, which belong to the earliest Cambrian. This formation 
was formerly thought to be post-t^mbrian, but Holtedahl’s later 
view that it is equivalent to the Eo-Cambrian Sparagmite is con¬ 
firmed by Foyn’s work. 

The paper by N. Tilmann et alia, “ Contributions to the Geology 
of the Rhenish Schiefergebirge ” (Proc. Oeol. Assoc., XLIX, 1988, 
1-48. With Report of Excursion, ibid., 225-60) is one of the 
valuable excursion guide series of the Geologists’ Association. The 
region is “ distinguished by a complete development of the later 
Palaeozoic rocks of Devonian and Carboniferous age, with numerous 
facies changes, while the earlier Palaeozoics (the Cambrian and 
Silurian) only appear in certain cores of large anticlines now laid 
bare.” 

Two further papers on Continental stratigraphy and regional 
geology are the following : K. H. Scheumann, “ Zur Frage nach 
dem Vorkommen von Kulm in der Nimptscher Kristallinzone 
(Sachsen) ” {Min. u. Petr. MiU. 49, 1937, 216-40); R. J. H. Patijn, 
“ Geologische Onderzockingen in de Oostelijke Betische Cordilleran ” 
{Univ. Amsterdam, Inaug. Dies. 1937, 130 pp.). 

A valuable summary of “ The Geology of the Oilfield Belt of 
Iran and Iraq ” is given by G. M. Lees in The Science of Petroleum 
(Oxford Univ. Press, 1938, 140-8). The subject is really the geology 
of the Zagros ranges of south-western Persia, a sector of the Alpine- 
Himalayan System. There is a remarkable uniformity in the struc¬ 
tural and depositional conditions of the Zagros; and a notable 
feature is the dominance of limestones and marlstones from Permian 
to Paleeogene times. The main reservoir rock is the porous Asmari 
limestone of Lower Miocene and Upper Oligocene age. 

Three interesting papers on the geology of the Indian Empire 
have been published by the Indian Science Congress Association, all 
by D. N. Wadia : “ Progress of Geology and Geography in India 
during the past Twenty-five Years ” {Indian Set. Congr. Assoc., 
Calcutta, 1938, “ Progress of Science in India during the past Twenty- 
five Years,” 86-132); “An Outline of the Geological History of 
India ” {ibid., “ An Outline of the Field Sciences of India,” 43-68); 
“ Hie Structure of the Himalayas and of the North Indian Fore¬ 
land ” {Pres. Address, Sect, of Geology, 26th Indian Sdenoe Congress, 
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Calcutta, 1038, 28 pp.)- In the last-named paper Dr. Wadia oon- 
cludes : “ The plan of the great edifice of the Himalayas is discernible 
only in the haziest outline yet. We cannot be so bold as to say 
that the Himalayas are built on the plan of the Alps, nor even that 
their architecture is individual. No doubt several tectonic featruee 
are common, and the Alpine-Himalayan axis of earth-folding origin¬ 
ated in one common and continuous impulse. But the proportions 
are so vastly different, that the very magnitude of the earth-waves 
raised in the case of the Himalayas gave them comparatively simpler 
tectonics. . . 

A memoir of great value to Indian geology is Sir L. L. Fermor’s 
“ An Attempt at the Correlation of the Ancient Schistose Formations 
of Peninsular India.” Part I.—General Discussion (Mem. Geol. Surv. 
India, LXX, Pt. I, 1936, 1-51); Part II.—Accounts of Provinces, 
No. 1. Non-Chamockitic Region—Iron-ore Provinces (ibid. 53-217). 
As this memoir is unfinished it is premature to attempt its appraise¬ 
ment just now. 

Writing on “ The Distribution of the Regional Isostatic Anoma¬ 
lies in the Malayan Archipelago,” R. W. van Bemmelen (De Ingen, 
in Ned.-Indie. IV. Mijnb. en Oeol. " De Mijningenieur," Jaarg. V, 
No. 4, 1938, 61-7) shows that the main belt of negative anomalies 
is directly connected with the surface feature of the Soenda moun¬ 
tain arcs, whereas the positive zones are not directly connected with 
the surface relief. This feature cannot be easily explained by the 
orthodox compression theory of folding, but finds a more consistent 
explanation on the theory of disturbance of hydrostatic equilibrium 
in the sub-crust by magmatic differentiation (Undation theory). 

The same author also discusses ” Examples of Gravitational 
Tectogenesis from Central Java ” (ibid., Jaarg. IV, No. 4, 1937, 
56-66). The object of this paper is to demonstrate that the bicausal 
interpretation of orogenesis (primary vertical movements or unda- 
tions due to magmatic differentiation, followed by secondary gravita¬ 
tional reactions) provides a sound scheme for the observed tectonic 
events in a part of Centred Java. 

” The Structure of the Arabian Peninsula ” is discussed by 
L. Picard (Oeol. Dept. Hebrew Univ. Jerusalem, Ser. I, Bull. 3, 1937, 
9 pp.). The main element is the basement of ancient rocks (Suess’s 
“ Arabian Shield ”). Around this meussif, after a belt of plateau 
country, there comes zone after zone of folding, both of Jura type 
and true Alpine type. 

The object of K. S. Sandford’s paper ” Observations on the 
Geology of Northern Central Africa ” (Quart. Joum. Oeol. Soc., 
XOIII, 1937, 684-80) is to sketch the geological history of the vast 
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continental region between the Belgian Congo and Cyrenaica, and 
between the Nile and the French Sahara and Sudan. In his sum¬ 
mary Sandford shows that the geological history of this region 
comprises four continental periods .alternating with three marine 
periods, ranging in age from the Archasan to the Quaternary. 

Two pai)er8 on Northern Rhodesian geology by F. Dixey are the 
following : “ The Geology of Part of the Upper Luangwa Valley, 
North-eastern Rhodesia ’’ (Quart. Joum. Oeal. Soc., XCIII, 1937, 
52-76), and “ The pre-Karroo Landscape of the l^alce Nyasa Region, 
and a Comparison of the Karroo Structural Directions with those 
of the Rift Valley ” (ibid., 77-93). The first deals mainly with 
rocks of the Karroo System. The second describes some interesting 
features in the relations of the Karroo sediments to the land surface 
of that time, and shows that certain elements of the ancient surface 
still play an important part in the nuxlem latjd8caj)e. 

The active Geological Survey of Southern Rhodesia has recently 
published two new memoirs : J. C. Ferguson and (the late) T. H. 
Wilson, “ The Geology of the Country around the Jumbo Mine, 
Mazoe District” (S. Rhodesia: Oeol. Surv. Bull. No. 33, 1937, 
137 pp.); A. E. Phaup and F. O. S. Dobell, “ The Geology of the 
Lower Urafuli Gold Belt, Hartley and Lomagundi Districts ” 

Bull. No. 34, 1938, 150 pp.). 

F. B. Wade has published a valuable “ Stratigraphical Classifica¬ 
tion and Table of Tanganyika Territory ” (Tanganyika Territory ; 
Dept, of Lands and Mines, Oeal. Div., BnU. No. 9, 1937, 60 pp.). 

A number of papers on the geology of various parte of the 
Canadian Shield have lately appeared. The late W. H. Collins 
gave a conspectus of the " Sudbury Series ” (Bull. Oeal. Soc, Amer., 
47, 1936, 1675-90), based on his own long-continued work, and on 
that of other investigators. This formation eonsiste exclusively 
of clastic materials, conglomerate, quartzite, greywaoke and 
argillite. As the deposition of these sediments followed closely on 
the waning Keewatin volcanism, they are composed mainly of 
volcanic materials. 

Another paper by W. H. Collins, “ Timiskaming Sub-Province ” 
(ibid., 48, 1937, 1427-58), was intended for a chapter in a projected 
book on the geological history of the Canadian Shield by Collins 
and several collaborators, and is now edited by C. K. Leith who 
contributes an introductory note. The paper summarises the geo¬ 
logical history of the Timiskaming sub-Provinoe, which extends 
horthward from Lake Huron to Hudson’s Bay. It indtides a re¬ 
study of the classical original Huronian area. 

F. J. Pettijohn’s study of “ Early Pre-Cambrian Cteology and 
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Corrolational Problems of tbe Northern Province of the Lake 
Superior Region ” {ibid., 153-202) follows much the same lines as 
the preceding. Ho poses two alternative hyrK)the8e8 for the early 
Pre-Cambrian : one postulates two periods of voJcanism separated 
by a period of continental sedimentation ; the other, three periods, 
the lower two comprising both sedimentary and volcanic episodes, 
the uppermost being largely sedimentary. It is concluded that 
“ it seems necessary to abandon the terms Coutchiching, Keewatin 
and Timiskaming for the strata in this area.” 

The same author describes an “ Early Pre-Cambrian V’^arved 
Slate in North-western Ontario ” {ibid., 47, 1936, 621-8). It occurs 
in a “ Timiskaming-type ” series (Abram Series) consisting mainly 
of conglomerates of terrestrial origin, with which are associated 
greywackes, siltstones, argillites, iron formations and tuffs. The 
argillites are finely banded, and may be “ varved.” The author 
concludes tliat an annual control of sedimentation was probably 
responsible for the banding, but cannot be certain that the <!ontrol 
was glacial. 

In a second paper on the subject C. Schuchert endeavours 
again to unravel the complicated succession and structure of the 
“ Cambrian and Ordovician of North-western Vermont ” {ibid., 48 , 
1937, 1001-78). The area embrace part of the well-known Taconio 
Mountains, in which tardy recognition of large-scale overthrusting 
by Keith led to the settlement of the long-continued “ Taconio 
Controversy.” 

The following memoirs deal mainly with the stratigraphy and 
petrology of Pre-Cambrian areas in the Adirondacks of New York 
state : A. F. Buddington, “ Geology of the Santa Clara Quadrangle, 
New York ” {New York Stale Mas. Bull. No. 309, 1937, 56 pp.); 
R. S. Cannon, “ Geology of the Piseco Lake Quadrangle. New York ” 
{ibid., No. 312, 1937, 107 pp.). 

The following memoirs deal mainly with the stratigraphy of 
Lower Palseozoic regions in Eastern Canada : A. 0. Hayes and 
B. F. Howell, “ Geology of Saint John, New Brunswick ” {Oedl. 
8oc. Amer. Special Papers No. 6, 1937, 146 pp.); W. H. Twenhofel, 
Geology and Palaeontology of the Mingan Islands, Quebec ” 
(»6*d., No. 11, 1938, 132 pp.); W. H. Twenhofel and R. R. Shrock, 
“ Silurian Strata of Notre Dame Bay, Newfoundland ” {Bull. Oeol. 
Sac. Amer., 48 , 1937, 1743-72); G. R. Heyl, “ Silurian Strata of 
White Bay, Newfoundland ” {ibid., 1773-84). 

The following are two memoirs dealing with the geology of 
areas in the western United States: A. D. Howard, “ History of the 
Grand Canyon of the Yellowstone ” {Oeol. 8oc. Amer. Special Papers 
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No. 8,1987,159 pp.); F. B. Turner, " Btmtagrophy and MoUtwoa of 
tbe Eooene of Western Oregon ” (ibid., No. 10, ]938, 130 pp.). 

The revival of mining interest in the great Comstock Lode has 
led to re-stndy of the “ Geology of the Silver City District and the 
Southern Portion of the Comstock Lode, Nevada,” by P. Gianella 
(Univ. of Nevada Bull. XXX, 1936, 1-108). The rocks range from 
Triassic to Quaternary, and the structure of the region is complex. 
The Tertiary formations comprise a thick series of volcanic rocks 
separable into Eocene, Miocene and Pliocene groups. The mineral 
veins were formed at about middle Miocene times. 

C. Deiss has studied, re-measured, and accurately zoned the 
“ Cambrian Formations and Sections in Part of the (Jk>rdilleran 
Trough ” (BvU. Oeol. Soc. Amer., 49, 1938, 1067-1168). The work 
seems to have resulted in a complete re-arrangement of the Cambrian 
successions in Nevada, Utah and Wyoming. 

The Uinta Mountains of Utah and Colorado are of interest to 
geologists because of their unusual erosional features, and also 
because they form the largest east-west trending range in the 
Western Hemisphere, in strong contrast to the north-south trends 
of the Rocky Mountains System. J. D. Fori’ester, in a memoir on 
the “ Structure of the Uinta Mountains ” (ibid., 48, 1937, 631-66) 
discusses the origin and peculiar orientation of the range. 

The memoir by E. T. Hodge on the “ Geology of the Lower 
Columbia River ” (ibid., 49, 1938, 831-930) aims at describing the 
general geology as a basis for showing how the river came to have 
its present course through the Cascade Mountains. Tbe volcanic 
history, entirely Tertiary, is complex, an early and a late andesitic 
aeries, with the Columbia Basalts between them, interdigitating 
with several continented sedimentary formations. 

The Geological Society of America has recently published four 
long and detailed memoirs on Mexican geology: L. B. Kellum 
et alia, “ Evolution of the Coahuila Peninsula, Mexico ” (BtUl. Oeol. 
8oc. Amer., 47, 1936, 969-1176); R. W. Imlay, “ Geology of the 
Middle Piurt of the Sierra de Parras, Coahuila, Mexico ” (ibid., 
48, 1937, 687-630); R. W. Imlay, “ Stratigraphy and PaUeontology 
of the Upper Cretaceous Beds along the Eastern Side of Laguna 
de Mayran, Coahuila, Mexico ” (ibid., 1786-1872); T. S. Jones, 

“ Geology of Sierra de la Peiia and Palssontology of the Indidura 
Formation, Coahuila, Mexico ” (ibid., 49, 1938, 69-160). 

Professor K. Sapper, the “ Father of Central American Geology,” 
began his life-work in this difficult region in 1888. In a BaaI 
memoir entitled ” Mittelamerika ” (Handb. d. Beg. Oeol., VUI, 
Abth. 4a, 1937, 160 pp.), he summarisee the gecdogy of Central 
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Aioenoa from his own observations oombined with those of other 
workers. C. Schuchert has written an appreciative review of Pro¬ 
fessor Sapper’s farewell volume {Atmr. Journ. Sci., XXXIII, 1937, 
394-6). 

In a valuable memoir entitled “ Orosstektonische Probleme des 
mittelamerikanisohen Rauinos,” R. A. Bonder {Zeitschr, f. Vtdk., 
XVII, 1936, 1-33) attempts an original reconstruction of the geo¬ 
logical lineaments, including the main tectonic lines, the mountain 
structures, and distribution of the volcanoes, witliin and bounding 
the Central American region. 

J. Keidel and H. J. Harrington record the discovery of “ Lower 
Carboniferous Tillites in the Pre-Cordillera of Ban Juan, Western 
Argentina ” {Oeol. Mag.. LXXV, 1938, 103-29). The series con¬ 
tains several glacial horizons interbedded with sediments carrying 
Lower Carboniferou.s brachiop<xl8 and lamellibranchs. 

According to C. E. Wegraann in a paper “ Zum Baubilde von 
Gronland ” {Mitt. Nalurforsch. Qes. Schaffhauaen, XIII, No. 3, 1937, 
16-23), the main stnu^tural elements of Greenland are (1) the Pre- 
Cambrian Bhield ; (2) the late Pre-Cambrian and early Palaeozoic 
deposits which occur (a) as undisturbed plateaux in the north-west, 
and (h) as folded zones in the north and east; and (3) the younger 
subsidences, some of which lie within the Caledonian folded zones 
as “ Molasse ” basins. 

In his memoir on “ Geological Investigations in Southern Green¬ 
land. Part I—On the Structural Divisions of Southern Greenland ” 
the same author {Me4d. on Oronlatid, 113, No. 2, 1938, 148 pp.) 
divides the formations into two main cycles, the Ketilidian and 
the Gardar. The Ketilidian began with a geosynclinal series, con¬ 
sisting of a lower sedimentary, and an upper volcanic group, which 
were folded and highly granitised by the rise of the Julianehaab 
Granite. After a considerable hiatus, this was followed by the 
Gardar, beginning with a sandstone group, and followed by a great 
thickness of porphyritic lavas. These were finally injected by 
intrusions of essexite, alkali-syenites and alkali-granites, including 
“ Rapakiwi ” granites. 

L. Hawkes, in a paper on “ The Age of the Rocks and Topo¬ 
graphy of Middle Northern Iceland ” {Oecl. Mag., LXXV, 1988, 
289-96), has re-examined the evidence on which Pjeturss claimed 
that glacial beds of Early Quaternary age occurred in this region. 
He finds that these deposits have bMn misinterpreted, that they 
Me of flnviatile and pyroclastic origin, and are no longer to be 
regarded as of a late geological date. The plateau and the deep 
fjords of the region are therefore infisrred to date from the cessation 
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of the early Tertiary volcanioity, and not from Gladid times as 
stated by Pjeturss. 

INVERTEBRATE PAUEONTOLOGY. By H. Dighton Thomas, 

M.A., Ph.D., F.G.S., British Muaoum (Natitral History). 

An important fauna is dealt with by C. E. Resser in “ Cambrian 
System (Restricted) of the Southern Appalachians,” Oecd. Soc. Atner. 
Spec. Papers, XV, 19.38, pp. 1-140. It is naturally mainly con¬ 
cerned witli the brachiopods and trilobites, and new genera and 
species are described. 

A re-study by C. Lochman of the Cambrian faunas from Western 
Newfoundland shows that not only is the Upper Cambrian repre¬ 
sented but also the late Middle Cambrian (Journ. Paleont., XII, 
1938, pp. 461-77). Several new species are present, as well as 
one new genus of trilobites and a new genus of brachiopods. 

In the course of a reconnaissance in eastern Yunnan, China, a 
series of shales were discovered which }deld a rich fauna. Its 
examination by T. H. Yin shows that this “ Devonian Fauna of 
the Pochiao Shale of Eastern Yunnan ” {BvU. Oeol. Soc. China, 
XVIII, (1), 1938, pp. 33-66) is the same as the Spirifer tonldnenaia 
fauna of Indochina, and leads the author to consider it as equivalent 
to the ctdlrijugatiis zone of Central Europe. 

J. Shirley shows that ” The Fauna of the Baton River Beds 
(Devonian), New Zealand ” is more advanced than those of the 
Silurian shelly facies (Quart. Joum. Oeol. Soc. London, XCIV, 1938, 
pp. 459-506). Brachiopods predominate, but trilobites, lamelli- 
branchs, corals and bryozoa also occur. The first include species 
identical with, or closely allied to, those of the calcareous, Bohemian 
facies of the Lower Devonian of Europe and Asia, a few species of 
Rhenish affinities, and at least two forms identical with species 
from the Lower Devonian of North America. There is no sug¬ 
gestion of any connection with the austral Lower Devonian of Sooth 
Africa and South America. 

The “ New Devonian Fossils from Calhoun County, IIIumhs,” 
desmbed by G. A. Cooper and P. E. Cloud (Joum. Paleont., XII, 
1938, pp. 444-60), consist of forms unlike those from any other 
Illinois locality, but with close affinities with the upper part of the 
TuUy Limestone of New York. The fauna is mainly of braduopods, 
of which 15 species are new, but other groups are also represented. 

“ La Faune des Couches de passage du Dinantien au Namurien 
dans )e synclinorium de Dinant ” is described by F. Demanet in 
Mim. Mus. Roy. Hist. Nat. Belg., LXXXIV, 1938, pp. 1-201. 
Brachiopoda and moilusca constitute the bulk of the fanna, but 
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radtolaria, polyzoa, and some other groups also are represented. 
As a result of the analysis of this fauna the author is led to support 
the view that the German sub-zones Illy, 111/?, and Ilia are the 
equivalents of the English sub-zones D»-Pt, D,-P„ and D, re¬ 
spectively. 

A number of authors liavo contributed to the report “ On a 
Second Collection of Fossils and Rocks from Kenya made by Miss 
M. McKiimon Wood,” Monog. Cleol. Dept. Hunlermn Mus. Glmgow 
Unit.. V, 1938. Dr. J. Weir (pp. 12-14) confirms the i)reviou8 
record of Palceoanodonta fi^cheri in the area, and also figures sjwci- 
mens of the same genus from Burma. He also deals (pp. 17-81) 
with the Jurassic brachioptxis and molluscs and some Neogene 
molluscs. Its rich lamellibranch fauna, of Euro|)ean tyjie. con¬ 
firms the Upper Bsjocian age of part of the Karabe Series, the rest 
of which is Bathonian. A few echinoids are described by Mias 
E. D. Currie, some of which are new ; while the late Professor 
J. W. Gregory describes the corals. The Neogeno foraminifera are 
dealt with by C. D. Ovey, who produces evidence to merge Oper- 
culineUa and Operculinoidcs into Operculina, and OperctUina com- 
planata (Defrance) into O. venoaa (Fichtel and Moll). 

Vol. XCl (for 1937), 1938, of Monog. Palcpont. Soc. London, 
oontains Part IV of ” The Ammonites of the English Corallian 
Beds,” by W. J. Arkell, w’ho deals with those of the pUcaiilia zone ; 
Part XI of ” The British Cambrian Trilobitcs,” by P. Lake ; and 
Part I of “ The Carboniferous Rugose Corals of Scotland,” by 
D. Hill. The last author is able to recognise three recurrent facies 
faunas. Her analysis of the Clisiopbyllid corals shows that many 
“ genera ” and “ species ” are unnecessary. 

“ The Upper Palaeozoic Foraminifera of the Samara Bend and 
the Trans-Volga Region ” are described by D. Rauser-Omoussova 
in Trav. Inst. Oeol. Acad. Sd. U.B.8.S., VII, 1938, pp. 69-167. 
They were collected from the sequence of the whole of the Carbon¬ 
iferous and the lower part of the Lower Permian, are mainly fusuli- 
nids (39 out of 43 species), and include many now forms. The 
species are shown to be restricted to definite horizons, and a number 
of faunas are recognised throughout the sequence under discussion, 
although the work does not admit of any solution of the problem 
of the stratigraphio division between the Upper Carboniferous and 
the Lower Permian. 

The same author discusses “ The Stratigraphical Importance 
of the group Paeudofuaulina uraliea (Krotow),” ibid., pp. 169-96. 
The material is from the Schwagerina horizon of the region of the 
Urals, and inoludes new forms. Its analysis shows that where 
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the fnllest sequence of that horizon w developed three palnonto* 
logical stages can be distinguished : (1) a lower sti^ with TriUeUes 
and FimUinella uavae Dutk., (2) a middle stage with Pgmdofutndina 
uralica Krotow and Schumgerina princeps Ehrenberg, and (3) a higher 
one with Pseudofusidina Iviugini Schellwien. The species occur 
both in the limestone facies of the “ Upper Carboniferous ” and 
in the “ Artinakian ” deposits, so that the author considers those 
horizons to be synchronous. 

Some impure limestone nodules in the Balclatchie Shales at 
Laggan Bum, near Girvan, Ayrshire, have yielded specimens of 
Cryptograptus tricomie in such a good state of preservation that 
the development of the proximal end of the species hew been described 
by 0. M. B. Bulman (Oeol. Mag., LXXV, 1938, pp. 639-643). Two 
thin, diverging chitinous rods represent the sicula, and are covered 
at the apex by a thin, ap{)arently structureless membrane. Theca 1 * 
and th 1* (which seems to bud early from it) grow first downwards 
to the level of the sicular aperture, and then turn till they are 
inclined slightly upwards, and open on opposite sides a little above 
that aperture. The origin of th 2* and 2* is a distinctive feature, 
and quite unlike that of any yet described Diplograptid. They 
develop from, and at an early stage of growth of, th 1* and th 1*, 
respectively, and each, in growing spirally round the sicula, changes 
its direction of growth in the vertical plane markedly. They open 
above th I * and th 1 * on the reverse and obverse sides, respectively, 
and, in addition, in the proximal part, at least, the two stipes 
composing the biserial rhabdosome lie side by side instead of in 
the normal back to back orientation. This structure of the proximal 
end in the genotyjie s^^ecies of Cryptograptus justifies the separation 
of the genus, possibly along with Nanograptus, in the family Crypto- 
graptidae. The peculiar development of Oncograptus may indicate 
a relationship to Cryptograptus. 

For a full and up-to-date account of all aspects of the dendroid 
and true graptolites, reference should be made to the excellent 
summary given by the same author in “ Graptolithina,” Handbuch 
der Paldozoologit, IID, 1938, pp. D1-D92. 

E. A, Ripper, in “ Notes on the Middle Palssozoic Stromatoporoid 
Faunas of Victoria ” (Proc. Roy. 8oc. Victoria, L, (2), new ser., 
1938, pp. 221-43), discusses the known species of Actirufstroma, 
Clathrodkiyon, Syringostroma, and Stromatopora, and groups them 
according to their skeletal structure. This, together with their 
stratigraphical distribution, indicates that the most important 
progressive, evolutional changes, are the thickening of the lamiiue 
and increasing definition of the pillars in Actinostroma, the inoreaaiBg 
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reticulation of the mesh in Syringostroma and Slromaiopora, and 
the straightening of the laniinsB and the separation of the radial 
pillars as distinct skeletal elements in ClcUhrodiciyon. With these 
as criteria, Miss Ripi^er concludes that the Victorian faunas are 
probably of Middle Devonian age, with the exception of the Yeringian 
faunas of the Loyola Limestone, which hits Silurian affinities, and 
of the Lilydale Limestone, which contains a high percentage of 
forms characteristic of the Lower Devonian. 

So far little attention has been paid to the coral fauna of the 
Devonian of Bohemia, osfiecially to that of the Middle Devonian ; 
but F. Prantl partly remedies this in his study of “ Some Lacco- 
phyllidie from the Middle Devonian of Bohemia,’’ Ann, Mag, Nat, 
Hist,, (11), 11, 1938, pp. 18-41. The family is represented by only 
three genera, but by numerous species which occur in abundance. 

The “ Upper Middle Devonian Rugose Corals of the Nevada 
Limestone,” described by E. C. Stumm {Joum. Paleont., XII, 1938, 
pp. 478-85), come from levels between 500 feet and 2400 feet above 
the base of that limestone. In the lower 1000 feet of the succession 
dealt with in the pai>er, there is a successive series of coral reefs, 
but in the higher part only one coral zone is as yet known. The 
corals show a marked resemblance to those of Hamilton age in 
eastern North America and the Mississipiu Valley, although there 
is a total absence of the heliophylloid forms so characteristic of 
the tyj)ical Hamilton rugose coral fauna. 

D. Hill and L. B. Smyth write “ On the Identity of Monilopora 
Nicholson and Etheridge, 1879, with Cladochonus McCoy, 1847,” 
in Proc. Raij. Irish Acad,, XLV, B, (6), 1938, pp. 125-38, after 
making a study of the types. The corals usually occur as fragments, 
either os free, erect, zigzag branches usually referred to Clado¬ 
chonus, or 08 reptant coils usually recorded as Monilopora, The 
former are the distal portions of colonies whose proximal ends are 
reptant rings. The authors discuss the systematic position of Clado¬ 
chonus, and conclude that it probably belongs to a separate sub-order 
of the Zoantharia. It possesses no tabular, while the sclerenchyme 
is reticulate, a condition not known in any other genus. 

M. Mirchink, in ” Corals from the Jurassic Beds of the Environs 
of Koktebel in the Crimea,” Bull, Soc, Nal, Moscow, Sect, OioL, 
n.s., XLV, 1937, pp. 62-80, identifies 29 species, of which 16 occur 
in the Swiss Sequanian, thus supporting a Sequanian age for the 
Crimean ooralliferous rocks considered. 

” Oelenterati, Echinodenni e Braeliiojxxii del Cretaceo medio- 
superiore dello Zululand ” are the subject of a report by E. Monta- 
naro-GaJlitelli and Z. Lang in Palcsont, iUd„ XXXVII, 1987, 

3b 
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pp. 193-210. Though the corals are few in number they ate 
important because of their rarity in the South African Gretaoeous. 
The fauna includes one new species of Hemiaster and a new species 
of Terebratvla. 

An important contribution to our knowledge of early faunas is 
the study of “ Ozarkian and Canadian Brachiopoda ” made by 
E. O. Ulrich and G. A. Cooper, Oeol. Soc. Amer. Spec. Papers, XIII, 
1938, pp. 1-323. Homajomori>hy in shell Bha|>e is shown to be a 
common feature, though the internal characters are sufficiently 
distinct and persistent to be of critical value. The shell structure 
is usually too poorly preserved to be of use. Tentative suggestions 
are made as to evolution in the group. Thus. Eootihis may !» 
related to Orthis. sensu striclo, although it is jumiblc that Nanorthis, 
the earliest of the Orthida?, gave rise to Archaecrthis and to Orthis. 

The “ New Caradocian Braohio{)ods from the Berwjm Hills, 
North Wales.” which are described by H. B. Whittington in Ann. 
Mag. Nat. Hist., (11), II, 1938, pp. 241-59, are all preserved as 
oasts, so that direct observation on shell structure is precluded, 
but the internal structures can mostly be interpreted. They 
include new' species and varieties, and are often of value as zonal 
indices, not only within the area considered, but also frequently 
over a wider geographical range. 

J. K. S. St. Joseph deals with ” The Pentameracea of the Oslo 
Region, being a Description of the Kiser Collection of Pentamerids,” 
in Norsk Geol. Foren., XVII (1937), 1938, pp. 225-336. The Penta- 
merids are abundant in the Norwegian Silurian, although few genera 
and species are represented. The material, however, is well pre¬ 
served so that the characters of the interiors, as well as generally 
of the exteriors, can be studied by serial-sectioning, transfers, and 
the construction of enlarged scale-models. The pseudodeltidium 
is composed of shell-substance continuous writh that of the thin 
layer on the inside of the spondylium, while there is no deltidium 
composed of fused deltidial plates. The spondylium duplex char¬ 
acterises the ventral valves of the Pentamerids. It is composed 
of a pair of plates, which are in contact ventrally, where they form 
a duplex septum attached to the valve-wall, while dorsally they 
separate to build the spoon-suaped spondylium. The length of the 
septum and the length and shape of the spondylium vary con¬ 
siderably in different genera. The dentition is very degenerate, 
and the function of articulation must have devolved ^most wholly 
on the muscles. Typically the cardinalia consist of a pafr of Icmg 
crural plates (arising almost at right angles to the valve floor), 
beyond which there may project the brachial-prooesses. Tim aural 
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platen frequently have a three-fold divinion into inner-plates, bases 
of the brachial-processes, and outer-plates. The cardinalia of 
Chrinda, Holorhyrtchtis and Siricklandia depart markedly from those 
of the typical genera, and indicate that the last-named genus did 
not give rise to Pentumerus, as has been suggest/ed. 

D. Nalivkin monographs the “ Brachiopoda of the Upf)er and 
Middle Devonian and Lower Carboniferous of North-Easteni 
Kazakhotan ” in Trans, Central Geol. Prosp, InsL, XCTX, 1937, 
pp. 1-200. The fauna shows that, in the area dealt with, stages 
from tlic Givetian up to the Vis<5an may be recognised. A great 
many new 8r)ecies are described, [larticularly among the Productidae 
and the Spiriferid». 

A. H, Sutton examines the “ Taxonomy of Mississippian Pro- 
ductidie,** Joum, Paleoni., XII, 1038, pp. 537-69, and, using, as 
criteria, both external and internal characters, recognises 2 sub¬ 
families, 16 genera, 74 8|>ecies, and 2 varieties. His valuable 
review also includes an attempt to establish the course of evolution 
within the family, 

B. Licharew writes “ Sur les Braehiopodes du (.'arbonifire 
Sui>6rieur du bassin du Donetz in Jouryi, Geol, Acad. Sci, Ukrain. 
S,8.R., V, (3), 1938, pp. 73-139. The spiriferids and productids 
from Avilova correspond to the horizons C3a and C36 of Samara, 
while the brachiopods of the lower part of the series with Aravcariies 
have an Upper Carboniferous character, and do nut ap}>ear to be 
contemporary with the Pseudoschtvagerina horizon of the Russian 
Platform. Some of the {^roductids are new. 

M. Mirchink describes Upper Permian brachioix)ds in “ Materials 
for the Study of the Pinega Zechstein Brachioix)da,’* Trav. Inst, 
Oeal. Acad, Set, Vll, 1938, pp. 313-43. The productids 

are described in detail. They bear practica.lly no similarity to 
those of the south-eastern part of the U.S.S.R., nor with Western 
]Suroi>e, but with the Lower Permian fauna of the arctic region. 
The author concludes that there was a close connection of the 
Pinega Zechstein basin with the open arctic Upper Permian Sea. 

H. M, Muir-Wood discusses a little-known group of British fossils 
in “ Notes on British Eocene and Pliocene Terebratulas,’’ Ann, 
Mag, Nat. Hist,, (11), II, 1938, pp. 154-81. and shows that several 
species can be recognised among the latter, which include a number 
of giant forms. The separation is effected by the character of the 
interiors. The British Tertiary Terebratulas are readily dis¬ 
tinguished from Recent spedes of Oryphua and LiothyreUa by the 
development of inner and outer hinge-plates separated by crural 
bases in the fossil forms. 
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F. Prantl describes “ Lower Turonian Bryozoa from Pfedboj 
(Bohemia) ” in Rozpr. 8tdt. Oeol. Ustav. Ceskoalov. Eepub., VIII, 
1938, pp. 1-71. The Cyclostomata predominate considerably over 
the Cheilostomata. Thirty-seven species are identified, of which 
the larger number are forms with an erect, dendroid, ramous, or 
pedunculated zoarium. This is to be correlated with rapid sedi¬ 
mentation of the terrigenous material, a conclusion supported by 
the rarity of the occurrence of unilamellar, incrusting forme with 
the ramous forms. Among the species •which occur are many 
which are also present in the Oetaceous of Western France and 
Saxony; several of those in the former area are characteristic of 
the French Cenomanian, although at Pfedboj, where that horizon 
is missing, they are to be found in the I.K)wer Turonian. 

The “ Late Paleozoic Pelecypods : Peotinacea ” are described 
in a valuable memoir by N. D. Newell, State Oeol. Surv. Kansas, X, 
1937, pp. 1-123. He has found that four characters, which are 
discussed in detail, can be employed consistently in their classifica¬ 
tion, namely, (1) the Musculature, in which two types are dis¬ 
tinguished ; (2) the Hinge, in which four types can be recognised ; 
(3) the Ornamentation ; and (4) the Shell microstructure. The 
author considers that the pteriid ligament is a natural derivative 
of the arcid ligament, and that Pemopecten is ancestred to the 
modem Amvssiums and not to the modem pectinoids, which are 
probably descended from the Avictdopectens. After dealing with 
the systematica of the American species. Dr. Newell gives a very 
useful list which revises the generic status of most of the extra- 
American, late Palaeozoic species. 

“ The Lower Triassic Pelecypoda of the Ussuriland,” which are 
described by L. Kiparisova {Trav. Inst. Oeol. Acad. 8ci. U.R,8.8., 
VII, 1938, pp. 197-311), belong to 10 families—of the 62 species 
described, 19 are new. The fauna is identical with, or alli^ to, 
that of the Lower Triassic of the Mediterranean Province, and 
seems to indicate that the whole of the Lower Triassic is developed 
in the area considered. 

F. 8, MacNeil describes “ Species and Glenera of Tertiary 
Noetinro ” in U.8. Oeol. Surv. Prof. Paper, CLXXX A, 1938, pp. 
1-49. A re-definition of the sub-family is given, based on the critical 
moiphology and developmental trends of the type genus, and, as 
a result, this includes some forms not previously regarded as Noetine 
and excludes oeriain genera previously referred to it. Two groups 
can be distinguished by the character of the sculpture, ligatnent, 
and (nmmlations : the one chm-acteristic of the AtUmtic, and the 
other of the Pacific. In the former, which reached its maximum 
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in the Pliocene, geographio npeciation and later hybridisation both 
seem to have occurred. The latter is represented now by only 
one restricted s[)ecies, though it was particularly abundant in the 
Miocene. 

W. P. Woodring discusses the “ Ix>wer Pliocene Mollusks and 
Echinoids from the Los Angeles Basin, California, and their inferred 
Environment,” in U.S. Oeol. Sun\ Prof. Paper. CXC, 1938, pp. 1-67, 
and deals with 26 forms of molluscs and one echinoid. The fossils 
are assigned to three depth-range groups on the assumption that 
they represent essentially the same depth-range as the modem 
species of the Eastern Pacific to which they are closely allied. 
Those of deep-water facies are widely distributed throughout the 
basin, but those of shallow-water facies are so far known only near 
the northern and western margins. The occurrence of mixed facies- 
faunas and of land fossils in the northern part of the basin suggests 
proximity to land in that region. 

In “ Stratigraphy and Mollusca of the Eocene of Western 
Oregon,” Oeol. Soc. Amer. Spec. Papers, X, 1938, pp. 1-130, F. E. 
Turner deals with a large suite of lainellibranchs and gastropods. 
If the Eugene fomiation at the top of the sequence be excluded, 
then two distinct marine molluscan faunas can be recognised. The 
lower, which occurs in the Tyee and Umpqua formations, has much 
in common with that of the Capay stage of California, while the 
upper fauna, found in the CVialedo and Spencer formations, has 
numerous species characteristic of the Tejon formation of California, 
and the Cowlitz formation of Washington. 

The Javan Pliocene deposits have recently received much atten¬ 
tion, and among other results are those of C. H. Oostingh who has 
described “ Die Mollusken des Pliockns von Siid-Bantam in Java. 1. 
Abschnitt (Gastropoda I),” De Ingenieur in NederUind-Indie, IV, 
(2), 1938, pp. 17-60, and (7), 1938, pp. 105-16. The author deals 
with 98 species and sub-species, and compares this gastropod fauna 
with that of Benkoelen in Sumatra. 

In Zur Kenntnis der arktischen Belemniten von Konig-Karls- 
Land,” Zentralbl, Min., Oeol., Paldont., B, 1938, pp. 19-28, E. StoUey 
disousses the identity and occurrence of the telemniteB of that 
region, and concludes that they point to a high Upper Jurassic or 
Lower Neocomian for the deposits. 

The “ Devonian Ammonoids of America ” have been mono¬ 
graphed by A. K. Miller, Oeol. Soc. Amer. Spec. Papers, XIV, 1938, 
pp. 1-262. They were widely distributed, and closely similar, if 
not identical, species occur in both the eastern and western hemi¬ 
spheres. The author is of the opinion that all the ammonoids 
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developed from Eobactrites, that the clymenids became extinct at 
the close of the Devonian, and that the later ammonoida developed 
from the extra-aiphonate goniatites and not from the clymenida. 
He holds, in fact, that all the later aminonoids developed from the 
Anaroestidse and not the Agoniatitid». 

A. K. Miller and C. A. Moore write on ‘‘ Cophalopods from the 
Carboniferous Morrow Group of Northern Arkansas and Oklahoma,*' 
in Joum, PaUoni., XII, 1938, pp. 341-54. Several genera and 
species are described in detail, and, aa a result, the authors conclude 
that, though the Morrow cephalopods are related to both Mississippian 
and Pennsylvanian forms, they are more like the latter than the 
former. 

BOTANY. By Professor E, J. Sausbuhy, D.Sc., F.R.S., Univereity 

College, London. 

The subject of oxidation-reduction potentials of soils has been 
studied by a number of investigators since Gillespie published his 
observations in 1920 in Soil Science. The principles involved were 
summarised in 1934 by Brown (Soil Science, 44, 85-76, 1934) and 
in the October number of the same Journal (46, 323-30, 1938) 
Puri and Sarup report investigations in which the relations between 
soil reaction and oxidation-reduction j)otontial8 were studied in 
single-base soils. The relationship was fo\ind to be linear for all 
soils, irrespective of the alkali used for titration. They conclude 
that the relation between pH and is so (>erfect that the measure¬ 
ment of pH should suffice for all practical (purposes. If these 
fundamental conclusions are valid, and many field determinations 
appear to support them, one must conclude that the instances 
where discrepancies appear are the outcome of either faulty experi¬ 
mentation, or interpretation, of the results obtained. 

The root systems of some desert plants have been studied by 
M. Evemari (Jour. Linn. Soc. Bol., LI, 383, 1938), who finds that 
the succulent desert perennials, such as Suasda aaphaUim and 
ZjfgophyWum dumosum, have very superficial but widely spreading 
roots, those of the latter, for instance, extending up to 400 cm. 
from the axis. Itetama Retam though possessing a main root pene* 
trating to a depth of about a metre, has superficial horizontal roots 
produced at a depth of about 5 to 10 cm., which extend radially 
for some 3 to 6 metres. The roots of the annuals penetrate only 
6 to 7 cm. and do not exhibit lateral extension. 

The root systems of Heath plants is the subject of a paper by 
G. H. Heath and L. C. LuckweU {Jowmd of Ecdofy, XXVh 
1988). Wm shrubby spades represented by CaUum vuigari^t Efica 
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cinerea, E, teiralix, and Vacciy ium myriiUus, have maximum root¬ 
ing depths ranging from 17 to 23 cm., though most of the roots 
occupy the first 10 cm. Ukx OaUii has a maximum root penetra¬ 
tion of 76 cm. with an average of 15 cm. The i>erennial herbs, 
such as Galium saxaiile, Potentilla erecia, and Polygala serpyllacm, 
have a shallow root system occu{)ying an average depth of from 
2 to 8 cm. only, though with a maximum penetration of from 10 
to 17 cm. PolygaUi serpyllacea showed a definite negative correla¬ 
tion l)etwoen water content of the soil and depth of penetration. 
In soil with an average water content of 74 [)er cent, the maximum 
depth to which the roots extended was 16 5 cm., whilst in a soil 
with a water content of 256 |>er cent, the maximum |>enetration 
was only 10 cm., although the lateral spread was greater in the 
latter than the former. The Monocotyledonous herbs, such as 
Narthecium osmfragum, Scirpus arspitosua, and Nardus atricta, had 
root systems extending to depths of from 25 to 28 cm. 

The photosynthesis of Strand and Dune plants is the subject 
of a paper by Alfons Beiler (Jahrb. /. Wias. Bot.y 87 , 1938). His 
results indicate a much higher rate of photoaynthetic activity for 
umt surface in the dune succulents, such os Cakile inaritima and 
Solatia kali, than for dune species such as Eryyigium fnaritimmn, 
Elymus artnariua and Paamma arenaria, 

III a series of papers in the AnnaU of the Natal Museum^ IX, 
1938, Prof. Stephenson ei al. describe the plant and animal com¬ 
munities of the intertidal zone in South Africa. Both flora and 
fauna exhibit a striking association of Cajie npecies and others of 
tropical coral reefs. Denudation exiierimenta indicated a definite 
algal suooession in which the pioneers are probably diatoms, whilst 
the equilibrium finally reached was similar to that of the com¬ 
munity before denudation. 

L. Leven records the oocurrenoe in Allium roots, treated with 
growth-promoting substances, of large cells in the cortex, some of 
which contain double the normal somatic number of chromosomes. 
Although cell division takes pla<5e in these large cortical cells the 
chromosome doubling appears to take place in the so-called resting 
stage of the nucleus. Further away from the root apex than the 
region where the cells were found containing 32 in place of the 
usual 16 somatic chromosomes, cells were observed in which the 
number of chromosomes was 64 (HereditaSy XXV, 87, 1938). 

In the same journal (BereditaSy XXV, 33) A. Gustafeson deals 
with the subject of polyploidy in the Blackberries. It appears 
that the southern Mubua uhnifolim is diploid, but nevertheless 
consists of a number of closely related forms. In this genus there 
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appears to be no correlation between the taxonomic value of species 
and their chromosome numbers. It is apparently only in the sub¬ 
genus Eubatus that apomictic species occur and all these apomictic 
species are either triploid, tetraploid; or pentaploid. Amongst the 
investigated species of this section the tetraploids preponderate to 
the extent of constituting 82 per cent. The Rnhi Corylifolii are 
tetraploid, pentaploid, hexajjloid, superhexaploid, and heptai)loid. 
The author calls attention to the fact that several eastern species 
exWbit higher chromosome numbers in the more western part of 
their range, a fact attributed to hybridisation with western types. 
It may, however, be pointed out in connection with the last-named 
feature that climatic elimination in the more severe climatic ex¬ 
tremes is not improbable, since Schlosser has shown that tetraploid 
plants of some species are less frost-hardy tlian diploid individuals 
of the same species. 

PLANT PHYSIOLOGY. By Phofkssor Wai.tkr Stilrs, Sc.l)., 
F.R.S,, The University, Birmingham. 

Plant Hormones. —During the last two years much activity has 
been shown in the investigation of the action of auxin and other 
plant hormones. Since Kogl and Haagen-Smit isolaietl and deter¬ 
mined the chemical constitution of auxin a, auxin b and hetero- 
auxin a number of substances of related constitution have been 
found to possess similar physiological properties. Now J. B. 
Koepfli, K. V. Thimann and F. W. Went (“ Phytohormones: 
structure and physiological activity. I,** Joum, SioL Chem,, 122, 
763-80, 1938) have investigated the question of the relationship 
between chemical constitution and auxin-like activity, and conclude 
that such substances must possess the following characters, namely* 
a ring system, a double bond in the ring, a side chain, a carboxyl 
group, or one readily convertible to a carboxyl, in this side chain 
separated by at least one carbon atom from the ring, and a definite 
space relationship between the ring and the carboxyl group so 
that the distance between them falls within a certain limit^ range. 

While an auxin is essential for the growth of the coleoptile and 
while auxins may affect roots, a quite different substance is neces¬ 
sary for the growth of roots. Thus P. R. White (“ Seasonal fluc¬ 
tuations in the growth rates of excised tomato root tips,’’ Plant 
PhyaioLf 12, 183-90, 1937) has succeeded in growing excised tomato 
roots for four years in an artificial nutrient medium containing a 
small quantity of yeast extract in addition to sucrose and inorganic 
salts, while J. Bonner and P. Addicott Cultivation in vitro of 
excised pea roots,” Bot, Oaz,, 99, 144-70, 1937) have similarly 
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grown pea roots on such a medium for four months. Presumably 
a constituent of the yeast extract functions as a growth hormone 
for the roots, and the latter workers report that crystalline vitamin 
Bi is capable of partially replacing the yeast extract though it will 
not permit optimal growth for very long. However, with the 
addition of sixteen pure crystalline amino-acids to the vitamin Bi 
the excised roots grew as well as with the yeast extract and Bonner 
and Addicott therefore regard vitamin Bi as a plant hormone 
effective for root growth. While P. R. White (“ Amino-acids in 
the nutrition of excised tomato roots,” PUinl Physiol., 12, 793-802, 
1937) also found the addition of amino-acids to the culture medium 
exercised a benefi(dal effect on the growth of excised tomato roots, 
this is disputed by W. J. Robbins and M. B. Schmidt (” Growth 
of excised roots of the tomato,” Bof. Gaz., 99, 871-728, 1938). who 
agree, however, that vitamin B, or its intermediate thiazole is essen¬ 
tial for the growth of tomato roots, and that this is the constituent 
of yeast extract responsible for the effect of the latter on root 
growth. They observed an effect with a quantity of vitamin Bi 
as small as 10 ® mg., corresponding to a conc?entration in the 
nutrient solution of 1 in 4 x 10'®. 

It has been reported by W. Davies, (i. A. Atkins and P. C. B. 
Hudson (“ The effect of ascorbic acid and certain indole derivatives 
on the regeneration and germination of plants,” Ann. Bot., N.S., 
1, 329-52, 1937) that vitamin C (ascorbic acid) accelerates the 
growth of willow branches and, in low concentrations, furthers the 
germination and subsequent growth of oats, mustard and cress 
while it has a retarding action in high concentration. W. G. Clark 
(“ Ascorbic acid in the Avena coleoptile,” Bot. Oaz., 99, 116-24, 
1937) has found ascorbic acid present in the oat coleo[>tile in con¬ 
siderable quantity, it being synthesised there from a precursor in 
the seed, the vitamin itself not being present in the germinating 
seed* Clark tested the activity of ascorbic acid os a growth hot* 
mono with the Avena ooleoptile, but it was found not to be a cell 
elongation hormone like auxin nor to further the action of auxin 
in the Avena ooleoptile. According to J. and D. Bonner (“ Ascorbic 
acid and the growth of plant embryos,” Proc, Nai, Acad. Set., 24, 
70-5, 1938), plants respond to the addition of ascorbic acid if they 
do not synthesise this substance in adequate amount. Thus these 
authors cultivated on artihoial media the embryos of a number of 
varieties of pea and found the ascorbic acid content varied con¬ 
siderably in the different varieties. The response to the addition 
of ascorbic acid was roughly inversely as the content of this sub¬ 
stance, whence it may be concluded that lack of response indicates 
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that the embryo already contains sufficient ascorbic acid for its 
own requirements. 

An examination of what is known as the “ pea test ” for auxin 
has been made by J. van Overbeek and F. W. Went (“ Mechanism 
and quantitative application of the pea test/’ Bot, Oaz., 99 , 22-41, 
1937). The stem of a pea seedling is split longitudinally and 
immersed in a solution of auxin, when the two halves curve inwards. 
According to these authors this curvature results from the more 
rapid growth of the epidermal surface as compared with the u^ounded 
surface, this differential growth being itself due to the fact that 
auxin can enter through the epidermis, but not through the wounded 
cells. The curvature is said to be proportional to the logarithm of 
the auxin concentration and so the teat o^n be used for the quanti¬ 
tative determination of auxin. This theory of the origin of the 
curvature is called in question by K. V. Thimann and C. L. Schneider 
(“ Differential growth in plant tissues/’ Arner. Joiim, Boi,, 25, 
627-41, 1938), who show in several ways that auxin can enter 
plant tissues through cut surfaces at least as readily as through the 
epidermis, and that, as would indeed be expected, the initial rate 
of entry may bo greater through a cut surface. 

C. L. Schneider and F. W. Went (“ A photokymograph for the 
analysis of the Avena test,” Bat. Oaz., 99 , 470-96, 1938) describe 
an automatic photographic recorder for examining the process of 
the curvature when the decapitated oat coleoptile is subjected to 
the exeentric application of auxin to the top of the decapitated 
stump. By means of this apparatus it was shown that the curva¬ 
ture begins about 20 minutes after the application of the auxin 
and continues at a constant rate for about an hour, after which the 
curvature diminishes or even becomes reversed. With increase of 
auxin concentration inside the coleoptile, sensitivity to externally 
applied auxin diminishes. The interval allowed to occur between 
decapitation and application of auxin affects the sensitivity of the 
coleoptile to auxin. Thus for all concentrations of auxin up to the 
concentration producing the maximum curvature, increasing this 
interval up to 30 minutes brought about a rapid increase in sensi¬ 
tivity, a more gradual increase up to 200 to 240 minutes, and then, 
with further increase in the period, a gradual reduction in sensi¬ 
tivity. If the period is longer than 100 minutes a second decapita¬ 
tion immediately before applying the auxin produces a slight 
reduction in the reaction with low concentrations of auidn, but 
doubles the reaction with maximum angle conoentration. The 
second decapitation results in more unifonn reactions. From the 
results of this investigation the authors propose a modified Avina 
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test for auxin which should give greater precision. This involves 
a period of 3 to 4 hours between decapitation and application of 
the auxin, a second decapitation 20 to 40 minutes before the applica* 
tion of auxin, and ])hotograph8 of the coleoptile 90 minutes after 
this application. 

Among retteni j>ai>ers dealing with the effects of growth-pro¬ 
moting substances on plants may he mentioned one by J. W. 
Mitchell and W. E. Martin {“ Effect of indolylacetio acid on growth 
and chemical composition of etiolated bean plants/’ Boi. Gaz., 99, 
171-83, 1937), wherein it is recorded that application of 3 i>er cent, 
^-indolylacetic acid lanolin mixture to the first internode of etiolated 
bean seedlings induced gall formation at the i)oint of application, 
the development of rootn in the “ galls,” and in many cases the 
formation of dense rows of roots along the entire length of the 
hyiKxcJotyls. However, the first and second internodes and the 
leaver of treated plants increased less in size than those of untreated 
plants. Transport of food material from the cotyledons, and 
water intake, were both retarded by the treatment, and materials 
were only conducted upwards as far os the point of application of 
the indolylaeetic acid. 

In another pa[)er, J. W. Mitchell and C. L. Hamner (” Stimu¬ 
lating effect of beta (3) indolylaeetic acid on synthesis of solid 
matter by bean plants,” Bot, Oaz,, 99, 569-83, 1938) record the 
results of treating the cut surface of decapitated bean stems with 
/?*indolylaoetic acid lanolin preparations. When these latter con¬ 
tained more than 0 00185 per cent, indolylaeetic acid the develop¬ 
ment of axillary buds was retarded, tumours and roots were pro¬ 
duced at the end of the stem and there was increase in both fresh 
and dry weight of the parts of the plant near the point of application 
of the auxin as compared with untreated controls. With lower 
cx)ncentration8 of the auxin, the inhibitory action on axillary bud 
development was less, as was also tumour formation, while there 
was no abnormal root development. 

Working with stem cuttings of Eureka lemon and Delicious 
apple treated at the apex or base with indolylaeetic acid, W. C. 
CJooper (” Hormones and root formation,” Bot, Oaz., 99f 599-614, 
1938) found that although there was little difference in the amount 
of auxin which could be recovered from treated lemon and apple 
cuttings, yet the former produced roots while the latter did not, 
and it was therefore concluded that the apple cuttings do not contain 
certain substances necessary for root formation. The author is of the 
opinion that m the lemon the leaves supply one substance necessary 

the differentiation of the root primordia and another for the 
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outgrowth of the latter. Indolylaoetic acid induces the rapid 
transport of the former substance to the base of the cutting, while 
the latter is transported slowly. It is concluded that the action 
of indolylacetic acid in root formation lies in its mobilisation of 
root-forming substances occurring naturally in the plant. 

B. F. Harrison (“ Histological responses of Iresine lindenii to 
indolylacetic acid,” Bot. Qaz., 99, 301-38, 1937) finds that the 
rooting of stem cuttings of Iresine lindenii is accelerated by brief 
treatment with weak aqueous solutions of indolylacetic acid. 
Application of 3 p)er cent, indolylacetic acid in lanolin to the first 
and third intemodes results in the formation of tumours and numer¬ 
ous adventitious roots at the place of application of the auxin. A 
detailed account is given illustrated by numerous photomicrograi)h8 
of the histology of the tissues affected by treatment with auxin. 

K. V. Thimann (“ On the nature of inhibitions caused by 
auxin,” Amer. Joum. B<A., 24, 407-12, 1937), from measurements 
of different parts of treated and untreated p>lants, finds that the 
inhibition of axillary bud development in Pisum and of root develop¬ 
ment in Avena as a result of treatment with auxin is not accom¬ 
panied by any increase in growth elsewhere in the plant and in 
each case involves an actual loss in the total dry weight of the plant. 
Very low concentrations of auxin further root elongation and it is 
suggested that in aU oases, with roots, stems and buds, growth is 
furthered by relatively low, and retarded by relatively high, con¬ 
centrations of auxin, so that there should be an optimum value of 
auxin concentration for growth in each case. 

Finally reference may be made to the effect of auxins in pro¬ 
ducing parthenocarpic fruits. This effect was obtained by F. G. 
Gustafson (“ Inducement of fruit development by growth-pro¬ 
moting chemicals,” Proc. Nat. Acad. Set., 22, 628-36, 1936; 
” Induced parthenocarpy,” Bot. Qaz., 99 , 840-4, 1938) by applying 
a mixture of lanolin and indolylacetic acid or related substance to 
the stigma or cut surface of the style of tomato. Petunia, Salpi- 
glossus, pepp)er and egg-plants, while P. Hagemann (” tJber durch 
^-indolessigsfiure ausgeldste Parthenocarpie der Gladiole,” Qarten- 
baumsa., 11, 144-50, 1937) obtained parthenocarpic fruits of 
Oladiolua by a similar treatment. F. E. Gardner and P, C. Marth 
(“ Parthenocarpic fruits induced by spraying with growth-pro¬ 
moting compounds,” Bot. Qaz., 99 , 184-95, 1937) obtained portheno- 
oarpic fruits of the American holly (Ilex opaca) by spraying the 
open flowers with a solution of indolylacetic add or similar sub¬ 
stance. Histologioal examination of these parthenocarpic fruits by 
F. E. Gardner and E. J. Kraus (” Histological comparison of fruits 
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developing parthenocarpically and following pollination,” Boi. Oaz., 
99 , 355-76, 1937) shows that development proceeds in the natural 
way without tumours or formation of root primordia, and with 
swelling of the ovaries through cell division and increase in the 
size of the cells. There is, however, no development of endospenn 
and no trace whatever of an embryo. 

ZOOLOGY. By Emeritt h Professor W. Garstang, M.A., D.Rc.; 

E. B. Ford, M.A., B.Sc.; H. K. Pusky, M.A., ami B. W. Tucker, 

M. A., Tho UniverHity, Oxford. 

Opisthobranchiate Mollusca.—^T here has Ijeon a revival of 
interest in these highly specialised molluHCs. H. H. Brown {Trans. 
Roy. Roc. Edin., 1934, 179-210) began with a general study 
of the burrowdng Tectibranch Philine aperta. In the adult stage 
their mode of ploughing the mud, thoir tubxilar slime-tracks, the 
prehensile working of the bilobed radula (1-0-1) which is appro¬ 
priately compared to a Petersen “ grab,” and that of the calcified 
gizzard-plates for grinding up the food collected, as well as the pro¬ 
cesses of fertilisation and egg-laying, are all tersely and clearly 
described. A striking feature of the gut is the constriction from it 
of a gastric pouch into which the ducts of the digestive gland open. 
Valvular flaps and ridges of the w'all guide the lighter food into the 
stomach and the heavier sand and mud past the gastric ajierture 
into the intestine. The burrowing modifications include remarkable 
changes in the character and position of the sense-organs. 

N. Millott has studied a small sponge-eating Dorid. His species is 
probably the familiar Jorunnajohnstoni of Alder and Hancock, Bergh, 
and Eliot, but a change in the M.B.A. Fauna List, accompanied by a 
misprint, has misled him into calling it first J. tormentom (!), and 
then J. tomentosa (Cuv.). His main paper (Phil. Trans., B, 228 , 
1937, 173-218) gives a good histological account of the alimentary 
canal, and the chief features of the feeding process. Canalisation of 
the buccal epithelium suggests that the chitinous lining is thickened, 
if not originally formed, by a process of secretion. Digestion is 
entirely intracellular, and limited to the cells of the digestive gland. 
These are held to give rise to free phagocytes, which assist in the 
work. Fore-gut and hind-gut are similarly ciliated, ridged, and 
grooved. Particles scraped up by the radula pass to the digestive 
gland without selection. The residues of digestion, after return to 
the stomach, ue consolidated into fssoal pellets in the csecum and 
intestine. No salivary glands were found, but gland-oells through¬ 
out the gut pour a copious mucilage into its lumen. There are 
some obsourities in the author’s account of the working of the 
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radula, and it is surely a mistake to attribute ‘‘ mastication ” to 
this organ. The author might have been more explicit as to the 
animal’s treatment of the “ numerous projecting sponge-spicules ’’ 
which enter the oesophagus with^its food (p. 187). Ail we are told 
of their later history is that in the feeces fragments of sponge- 
spicules may sometimes be seen ” (p. 211). Do more, then, go in 
than come out ? It is enlightening to follow the animal’s reactions 
to iron saccharate, but after all the problem is how Jorunna disposes 
of spiculiferous sj)onges. 

A. Graham {Trans, Roy, S(k, Edin,, 59, 1938, 267-307) fully 
describes the alimentary canal and processes of digestion in four 
Coelenterate-feeding ^Eolids. Eolidina alderi shows a few pecu¬ 
liarities, but in general the structure is remarkably uniform. The 
jaws are cutting blades ; the narrow, unfolded, radula rake^ the cut 
pieces of the prey into the oesophagus. Excepting the oesophagus 
of Facelina, oesophagus, stomach, and the ducts of the digestive 
gland are lined by a ciliated epithelium, which is packed with 
peculiar “ vacuoles,” elliptical, with an internal partition. Graham 
shows that this type of epithelium is characteristic of all Coelenterate- 
feeding iEolids, and absent in the others. What he does not 
mention is that in the species in which he figures them the so-called 
vacuoles have a suggestive resemblance to distorted nematocysts, 
and in each case correspond closely in size to those ingested—large 
in Eolidina which feeds on the Actinian Heliactis bellis, and small 
in Cratena which feeds on Hydroids. Is it possible that a second 
chapter is opening up in the remarkable history of this group— 
that they not only take over the weapons of their prey, but inoculate 
themselves against I'eprisals ? Although nematocysts are not diges¬ 
tible by iEolids, there is a possibility that their walls may be ren¬ 
dered more permeable, and their contents less poisonous by prolonged 
exposure to the digestive juices. That the * vacuoles ’ serve a pro¬ 
phylactic function is probable from their distribution, and from 
the fact that they are absent from the oesophagus of Facelinay 
which, like the buccal cavity, is protected by thick cuticle. 

Except for small “ salivary ” glands, the alimentary canal com¬ 
pletely lacks the mucous cells so abundant in Dorids, but the 
prey, before being devoured, is well lubricated from the pedal 
gland. The digestive gland, as is well known, is differentiated into 
branching ‘‘ ducts,” which open into the stomach, and terminal 
“ tubules,” which are lodged in the cerata. Secretion of enzymes 
is restricted to the tubules. Their epithelium consists of two kinds 
of cell only—digestive and lime-holding, the former with several 
phases. They produce proteolytic enzymes, some of which are 
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shed into the lumen and pass to the ducts and stomach, where 
digestion, and finally absorption, take place. Ingestion of solids 
is limited to the digestive cells themselves, which become loaded 
with muscle-fragments, nematocysts, etc., after a meal of their 
natural food. Undigested residues are eventually expelled into the 
lumen, whence they pass back to the stomach and out by the anus. 
No absorption takes place in the intestine, but amocbocytes are 
numerous. Faeces are loose and dispersed by cilia. 

The author concludes with a discussion of the evolution of the 
cnidosac and sundry questions involved in the iEolicFs utilisation of 
the nematocysts of its prey. The lime-cells may have been a sig¬ 
nificant factor in the evolution of iEolids, since they probably 
control the hydrogen ion concentration in the gut, which must be 
kept sufiiciently low to prevent premature exi)lo8ions. Zooxan- 
thellae arc also ingested with their food in certain cases (e.g, Eolidina). 
They remain undigested, and accumulate in the digestive cells. 

Plumage and Hormones. —Nowikow {Zool. Anz„ 115, 193G, 
193-9, and Acia Zool., 18, 1937, 447-8) has extended his results 
in Passerines {cf. Science Progress, 31, April 1937, 713) to the 
crossbill and chaffinch, which show the same absence of hormonic 
control as the sparrow and bullfinch. On the other hand, it is 
claimed by Witschi (Anai. jRcc., 67, suppl. 1, 1936, 83) that such 
control does operate in the weaver-bird Pyromelana franciscana — 
an experimental result which is surprising in view of the admit¬ 
tedly close relationship between Fringillidec and Ploceida) (cf. below, 
p. 754). 

J. P. Chu (Tram. Roy. Soc. Edin., 59, 1938, «533-6) has traced 
the sequence of plumage types from hatching to maturity, and 
the effects on plumage of hypo- and hyper-thyroidism in the male 
Brown I^eghorn fowl. The sequence entails a decrease in melanin 
pigmentation and a tendency to develop fringes to the feathers, 
in which the barbs lack barbules. He confirms the view, in largo 
measure, that this sequence reflects a progressive decrease in thyroid 
activity. Thyroid administration in stages 2 and 3 of juvenile 
plumage induced feathering similar to that of stage 1, while plumage 
of a juvenile type was produced in adults. No change, however, 
was made in the first phase of juvenile feathering, or in the first 
definitive plumage of the chick, so that it is uncertain whether any 
thyroid control is involved in the transition between these two. 
The experiments lend no support to the view of Torrey and Horning 
that thyroid-feeding induces hen-feathering. 

Teeth of Monotrbmbs. — H. L. H. H. Green (Phil. Trans., B, 

if 1937, 367-420) has made a detailed study of the development 
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and morphology of the teeth of Ornithorki/nehus, The full dental 
formula is 

i jL c| pmi Wrl 

but a number of these developing teeth fail to come to maturity, 
the usual formula, as is well known, being 

U^pminq). 

It is evident that the teeth are very degenerate, so tliat it is diffi¬ 
cult to derive phylogenetic conclusions from them. It seems clear, 
however, that they cannot be convincingly reduced to the trituber- 
cular tuberculo-sectorial pattern. It is therefore probable that 
Monotromes diverged from the rest of the Mammalia before this 
pattern was acquired. They certainly give no support to the rather 
startling suggestion of Gregory (Proc. Amer. Phil, Soc,, 73f 1934, 
262) that Monotremes are specialised derivatives from phalangeroid 
Marsupials ; nor is there any evidence of any fusion of enamel 
organs, as might be expected of so archaic a type on Bolk’s theory 
of ‘‘ dimery,’' according to which each mammalian tooth is the 
product of a fusion of two reptilian teeth. 

Vertebrate Embryologv.— Details of endoderm formation in 
birds have long been obscure, though most authors are agreed that 
this layer migrates forwards under the ectoblast from some source 
behind. In the unincubated egg of the fowl and other birds 
W. Jacobson {Jour, Morph,, 62, 1938, two papers) has described 
and figured the formation of endoderm by invagination from a 
posterior median endoderm-plate in the ectoblast within the arm 
pellucida, just in front of the arm opaca, C/ells pass in singly or 
in small groups at first, but later the whole surface of a small area 
bends in, forming an archenteric canal which opens vertically down¬ 
wards into the subgerminal cavity (blastocoel). Surface cells roU 
inwards and downwards into the canal and migrate radially in all 
directions, mostly forwards, to fuse peripherally with the inner 
edges of the yolk-endoderm,'’ i,e, the deep layer of the arm 
opam, A complete endoderm layer is thus formed by the fifth 
hour of incubation. 

Other findings are in the field of chemical embryology. Jacobson 
{he, cit,) shows (as Woerdermann, 1933, did for Amphibia) that in 
all invaginating cells, whether producing endoderm or chorda- 
mesoderm, the glycogen content falls as the cells pass in from the 
ectoblast. Early cell movements can thus be analysed. The many- 
celled morula becomes the single-layered blastula by upward migra¬ 
tion of the deeper cells. At the periphery these deeper cells remain 
as the yolk-endodenn of the area opaca, and are increased by the 
products of vertically orientated mitoses, ix. by local proliferation 
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without loss of glycogen and not by invagination. He also shows 
that, as epiblast cells move in to the primitive streak and node, 
their lipoid (prj)bably sterol) content rises, while it falls in the 
mesoderm, but not in the notochord, as they again pass laterally. 
There is thus a mediolateral falling gradient of lipoid content in 
the embryo. This is probably correlated with the organising powers 
of the axial mesoderm and notochord. 

Oenktios. —R. A. Fisher lias now reported further on his exten¬ 
sive studies on Dominance in Poultry (Proc. Roij. Soc., B, 125, 
1938, 25-48). His present paper deals with the factors for Feathered 
feet, Rose comb, Internal pigment, and Pile. The results obtained 
from this work are in harmony with his theory" of dominance modi¬ 
fication by selection, and provide a further noteworthy demon¬ 
stration of its operation. Th. Dobzhansky and M. L. Queal have 
conducted an important investigation on the genetics of isolated 
wild populations of Drosojihila psevdo-obscura (Genetics, 23, 1938, 
239-51 and 463-84). For this work they selected colonies inhabiting 
mountain forests in the Death Valley, California, and concentrated 
on testing for genes in the third chromosome. The}’^ find that, in 
the wild population, 11*9 per cent, of these chromosomes carry 
genes which have recessive lethal effects, and another 31 per cent, 
possess semi-Iethals. There is no sharp distinction between these 
two classes, so that no less than 15 per cent, of the third chromo¬ 
somes of the wild population cany recessive factors with destructive 
effects. Furthermore, defining “ normal " viability as that pos¬ 
sessed by flies with two third-chromosomes of different origin, 
39 per cent, of these chromosomes contain factors which reduce 
viability, and 2 per cent, contain factors which raise it. It is 
rather surprising to notice that as many as 3*5 per cent, of the 
third chromosomes of the wild population carry factors with visible 
external recessive effects. These frequencies remained approxi¬ 
mately constant in populations from ten different localities. 

M. A. Nagai and G. L. Locher have now been able to demonstrate 
the production in Drosophila of mutations by fast neutrons {Genetics, 
23, 1938, 179-89). The lethal mutation rate of such flies proved 
to be 2*6 times that of the corresponding gamma-ray controls. 
Under the conditions of the experiment, slow neutrons did not 
significantly raise the mutation-rate above that of the gamma-ray 
controls. A valuable advance m comparative genetics has been 
made by G. Gottsohewski and C. C. Tan (Genetics, 23, 1938, 221-38), 
who have demonstrated numeroua homologies between the eye- 
oolour genes of Drosophila mdanogasAtr and D. psevAlo-obscura. 
Their results have been obtained by transplanting optic discs from 
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one species to the other. M. E. Hoover has studied the cytology and 
genetics of inversions in Droaophila melanogaster, using the salivary 
glands in the former section of the work. The correspondence be¬ 
tween the cytological and genetic phenomena is satisfactory through¬ 
out (Z. indukt, Abstamm,- u. VertrbLehrt, 74, 1938, 420-34). 

F. A. E. Crew and S, S. Munro have made a much-needed 
survey of gynandromorphism and lateral asymmetry in birds (Proc. 
Roy, Soc. Edinb.y 58, 1938, 114-34). They have added four new 
instances of each. They conclude that lateral gynandromorphism 
in birds is always the result of an abnormal chromosome distribution, 
and that this may be classified as falling within three distinct 
types. (1) The plumage is under direct genetic control and so 
follows the aberrant chromosome distribution, os in the sparrow 
and finch type. (2) The sexually dimorphic plumage is subject to 
hormone regulation, as in the fowl. Consequently, the bilateral 
plumage type is practically impossible. (3) A nearly normal sex 
type of plumage occurs on one side, and intersexuol plumage on 
the other, this occurring in the pheasant. 

A. D. Buchanan Smith, O. J. Robinson, and D. M. Bryant have 
provided a thorough suiwey of the genetics of the pig (Bibliogr, 
Oenet.y 12, 1938, 1-160). 

PHYSICAL ANTHROPOLOGY. By the late L. H. Dudley Buxton, 

M.A., D.Sc., Exfttor College, Oxford. 

PtTHECASTUiiopvs BitF.cTVH, the “ Ape-Man ” of Java, was found 
nearly forty years ago. Since that time extensive searches have 
been made in that island for further traces of this important Hominid. 
The excavations have produced much interesting material, but until 
recently no example of the same type as the original Trinil skuU-cap 
has been found. Dr. G. H. R. Koenigswald, however, in Vol. XLI 
(1938) of the Proceed,njrs of the Koninklijke Nederkmdsche Akademie 
van Wetenschappen te Amsterdam reports the finding at Bapang of 
a second fragment. The face and the base of the skull have ^en 
lost, but there remain thirty pieces, which fortunately fit together 
and form the greater part of the brain case, with the exception of 
the right half of the frontal bone and part of the right side of the 
back of the skull; we have therefore more material to work on 
than in the Trinil calvarium, with which it shows a close resemblance. 
The new fragment has a similar supraorbital region, and the same 
flat profile of the forehead, and—a very important point—a similar 
low calvarial height. It is about the same length, but the breadth 
is greater. Dr. Koenigswald believes that this difference is only 
apparent, as he thinks in the light of this new evidence that the 
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braadest ^art of the TrinU calvarium is missing. Of special im- 
portance is the presence of the temporal region which is missing in 
the earlier specimen. The depth of mandibular fossa, a marked line 
of demarc^ation between man and the apes, shows that Pithecan¬ 
thropus must be a hominid. The mandibular fossa forms the bearing 
surface, as it were, for the jaw on the cranium, and in spite of the 
great weight of the jaw is shallow in the apes, but deep in man. 
Dr. Koenigswald suggests that the depth of the fossa may be associ¬ 
ated with speech. This is not the place for a discussion of a technical 
point, but it may be noted that, while it would be nice to be able 
to suggest on the evidence of the temporo-mandibular joint that 
the ape-man of Java could emit Cassandra-like utterances about 
tlie future of Man, Arthur Thomson showed long ago the difficulty 
of associating speech with anatomical features. Until we know 
about the teeth and the form of the lower jaw we are hardly in a 
position to speculate about how that jaw was used. 

The position of the earhole (porus acotuiticus externus) has 
created some interest in recent years. This now fossil—the Trinil 
specimen was too broken—shows that it was in the position beneath 
the root of the zygoma which it occupies in Man and in young, but 
not adult, apes. Immediately behind the mandibular fossa lies a 
process known as the mastoid process, on to whose external surface 
is inserted the sternocleidomastoid muscle, which plays such an 
important part in the movements of the head and is a conspicuous 
feature of the surface anatomy of the neck, nearly always stressed 
by artists in their drawings of this region. In Man, especially in 
males, this muscle is large and is associated with a large mastoid 
process. In the apes, on the other hand, the process is small. Dr. 
Koenigswald suggests that tlie small size of the process in the new 
Java fossil may indic^ate that he had not yet reached a fully upright 
position. Finally, attention is drawn to the fact that both Java 
fossils have very thick bones. This character is common to them, 
to Sinanthropus, “ Peking Man,” and to all the more primitive forms 
of man, in varying degrees and is definitely a hominid rather than 
ape-like character. The new evidence provided by this fossil 
suggests that Pithecanthropus is more primitive than Sinanthropus 
and the most primitive hominid known. It may be said definitely 
to controveH the old theory which hod already been generally 
abandoned that Pithecardhropus was not a hominid at all, but merely 
a gigantic gibbon. 

Sinanthropus, apart from references in other literature, is rapidly 
acquiring a special literature of its own. The most recent contribu¬ 
tion to this study is that by Dr. Weidenreich on ** The ramification 
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of the middle meningeal artery ” {PcdceotUologica Sinica, New Series 
D, III, 1938). Anthropologists have paid attention especially to 
the skeletal parts of man and immediate relations. In the case 
of fossil man such a limitation has been imposed upon them by 
the nature of the material. All we know about the soft part of 
fossil man is limited to the attachments for muscles and ligaments 
and the courses of some blood vessels and nerves. On the other 
hand, where the bones form cavities we can at least estimate the 
shape of the soft parts which were formerly housed inside the cavity. 
Considerable attention, for example, has been paid to a study of 
the light thrown by endocranial casts on the Hhe^pe of the brain, 
but for the most parts the blood vessels, whose form is clearly visible 
on such casts, have been practically neglected. 

Previous workers have shown that in recent man there are two 
main groups. In one the anterior branch is largest and is a direct 
continuation of the main trunk. In the other there are two branches, 
sometimes of the same size, but more usually the anterior branch 
is the largest. In Siruinthroptis it is possible to study the principles 
of ramification in eleven cases. It is noticeable that the variability 
is not less than in modern man, but, in spite of numerous variations 
in detail, with but one exception the general character of these 
variations differs from those of modem man. 

In Sinanthropus the artery is divided into two or even three 
branches, and the ramifications of all the branches, rather abundant 
in modern man, are markedly poor in Sinanthropus. In the latter 
the observed conditions resemble the anthropoids, and especially the 
gorilla, where the superior temporal ramus represents the main stem 
and the anterior branch or branches are only small side vessels. 
Neanderthal man comes rather close to the second type of man noted 
above, and is thus shown once more to be more advanced than 
Sinanthropus. The Java skull, on the other hand, is similar to the 
more advanced type of Sinanthropus, but the Piltdown skull is 
related to the more advanced types of modem man. The Swans- 
oombe fragment, which has bwn previously described in these 
columns, also shows a distribution of blood vessels like that of modem 
man, very similar to that of an Eskimo examined by Dr. Weiden- 
reich. It must not, however, be supposed that it is any argument 
in favour of the Swanscombe skull being Eskimo-like. On the con¬ 
trary in modem man the ramifications can be shown to be indepen¬ 
dent both of the size of the skull and of the race to which the skull 
belongs, but it may be considered to be a definitely human character. 
Generally, however, the first type may be considered to be more 
advanoed. It may well be asked what light such minute anatomical 
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details throw on the problem of the development of man. At least 
two points come out clearly. If the pattern of the blood vessels on 
the inner surface of the cranial vault are studied in detail we do 
get a separation between what are generally considered to be 
hominids and those fossils which are generally considered to be speci¬ 
mens of Man. Pithecanthropus and Simmthropus belong to the 
former category, whereas the Swanscombe and Neanderthal skulls all 
fall into the latter. Secondly, although there has been considerable 
difference of opinion about the position of the Piltdown skull, opinion 
has rather tended to see in this fragment a hominid, not a man. 
If Dr. Weidenreich’s conclusions can be shown to be of certain 
j)hylogenetic importance, then Piltdown must be re-examined in 
the light of new evidence. 

Turning to modern man, anthropologists have argued for many 
years about the causes of platvmeria and platycnernia, the flattening 
of the thigh and shin bones. It has generally been suggested that 
these conditions, which are usually associated with one another, 
are due to some form of posture or gait, such as the habit of squatting 
on the haunches, a method of sitting down common to all primitive 
j:)eoples. It has further been suggested that the flattening is due to 
hyi>ertrophy of certain muscles or at least to an extension of their 
area of attachment. One of the classical explanations was the habit 
of walking up, but, as modern civilized man, who is only rarely 
either platymeric or platycnemic and normally has rounded thigh 
bones, probably walks up and down hill not less than and probably 
a good deal more than jjrimitive man, this explanation seemed 
unlikely, even though it had the blessing of Broca, the father of 
modern anthropology. Buxton, in the Journal of Anatomy, LXXIII, 
1938, has called attention to the fact that if racial averages are taken 
there is a marked correlation between flattening in the bones of the 
arm with flattening of the bones of the lower limb. He suggests 
then that some explanation, other than gait, must be given. If a 
given surface is required for the attachment of certain muscles, by 
a simple exercise of the Calculus it will be seen that a circular form 
will require most bony substance, whereas a flattened form will 
result in an economy of material without any loss of stability, for 
the bones have to support the body as well as to act as levers when 
it is set in motion. The author suggests that this shortage in bony 
material is due to some deficiency in the diet of primitive i>eoples, 
but he is not able to suggest what exactly this deficiency is. There 
is yet another difficulty to which he draws attention, namely that, 
though there is high correlation between the average flattening of 
the bones of the upper and lower limbs, in the only series of complete 
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skeletons he was able to examine this correlation did not appear. 
They were in any case not particularly flattened and it may be that 
the need for economy did not extend to the whole skeleton equally. 
In any case we have here an attempt to solve what has for many 
years been a text-book matter and familiar to everyone who begins 
the study of physical anthropology. 

Turning to studies of recent man, Gerhardt von Bonin and 
G. M. Morant in Biomeirika, XXX, 1938, discuss the Indian races of 
the United States in a survey of previously published measurements. 
The authors state that their work is a modest contribution towards 
the solution of the following problems about the American Indians. 
First, are they a homogeneous people ? secondly, do they show 
divergencies similar to those found among the inhabitants of other 
continents ? They used the method of the coefficient of racial like¬ 
ness and conclude that in general, as elsewhere, there are re¬ 
semblances between neighbouring peoples, but the Algonkin groups, 
in spite of close linguistic afl&nity, show remarkable physical differ¬ 
ences. Generally, in fact, on the evidence of the coefficient of racial 
likeness, there are more marked divergencies between the various 
Indian tribes in the United States than there are between comparable 
groups in other parts of the world. Between America and Asia there 
is a relationship between the Indians of San Francisco Bay and the 
Ainu and Japanese. The Chukchi of northern Kamchatka also 
show resemblances with the American Indians, notably those of the 
centre of the United States, but unfortunately with the present 
evidence available there are no Asiatic series which can be finked 
with the Chukchi, There are also close bonds between the western 
Eskimo and types in the United States. The most important points, 
however, that emerge are that, though there is very great diversity 
among the American Indians, so great that until there is much more 
material available a clear study of their interrelationships cannot 
be made, within the groups themselves the variation is of the same 
order as that found in a long series of Egyptian skulls taken from a 
single cemetery at Gizeh, dating from the twenty-sixth to thirtieth 
dynasties and usually taken as a standard for variation in a relatively 
unmixed human group. The great variation is then between tribes. 
It is very xinfortunate that no data is available for statistical pur¬ 
poses from either Canada or Mexico, as the western Indians of the 
former country are generally considered to be closely related to 
tribes on the mainland of Asia, while the cultural relationsliips of 
the Mexican Indians with those of the United States raise all sorts 
of interesting points which it would be valuable to compare with 
eridenoe provided by physique. 



NOTES 

“The Medical Press and Circular" (1839-1939) (P. J.] 

The last Irish editor, Dr. Roulette, has written an interesting 
account of the first hundred years of this well-known journal and 
the times through which it has passed, showing the influence it 
has had in the development of medical journalism, and in bringing 
about a more united state of the profession generally. 

In at a time when there were only two other medical 

journals published in the British Isles, the Dublin Medical Press 
was started by Arthur Jacob, a professor of Anatomy and Physio¬ 
logy in the School of the Royal C/ollege of Surgeons in Ireland, 
to diffuse useful knowledge and to afford others the opportunity 
of doing so ; to preserve the respectability of the professional 
character ; to rouse the slumbering energies of the Irish practi¬ 
tioners ; to instil honour-principles and foster kind feelings in the 
breast of the student and to protect the institutions of the country 
against the attacks of those interested in their destruction.'' Jacob 
held his professorship for 41 years. He practised as an ophthalmic 
surgeon. He is best known for his discovery of the layer of rods 
and cones in the retina, for long known as “ Jacob's membrane." 

In the founding of the Dublin Medical Pre^s he was associated 
with Maunsell, a professor of midwifery in the School of the Royal 
College of Surgeons. Like Jacobs he also became more interested 
in medical politics and journalism and conducted the Dublin Evening 
Mail up to the time of his death in 1819. While the motive of 
the Dublin Medical Press was predominantly medico-political, it 
was from the beginning customary to print in each number a pro¬ 
fessional paper by some writer of standing, and much space was 
given to letters on clinical cases and reports of scientific meetings, 
not only of Dublin societies but also of those of London, Paris 
and other countries, and was regarded as a journal which " promises 
to be the medium for conveying to the public abstracts of all that 
is interesting and new, not alone in medical science, but in every 
other branch of scientific inquiry/' 

But the chief aim of the journal was Carmichael's scheme of 

769 



SCIENCE PROGRESS 


760 

medioal reform—“ to unite the medical profession of Ireland into 
a corporation upon such principles as shall constitute them into 
one National Faculty.” Such unification of the profession as 
aimed at by the reformers failed, but the movement expressed a 
spirit in the profession in Ireland and the United Kingdom, and 
a number of provincial centres were organising, while the foundations 
of the British Medical Association were being laid as a comprehen¬ 
sive voluntary association through which all branches could express 
themselves, and prepared the way for the passing of the Medioal 
Act in 1858. 

The energy of the reformers deserves all praise, but they were 
intolerant of all opposition and imported personal attacks into 
their advocacy. Unfortunately such methods were common in 
those days to all kinds of discussions. It is hard to believe how 
such abuse could ever have been regarded as helping towards con¬ 
viction. 

From its foundation down to our own time, among the main 
interests of the Dvhlin Medical Press has been the Poor Law medical 
service of Ireland. Under the 1838 Act the controlling authority 
was the board of the Poor Law Commissioners, the interpretation 
of whose powers became the subject of much controversy, which 
was influenced by the personal hostility of the Dvblin Medical Press 
to the Commissioner Mr. Nicholls and his assistant Mr. Phelan, an 
apothecary. The question at issue was not the desirability of 
adequate supervision and control, but the choice of a proper con¬ 
trolling body. The existing Poor Law Act was impopular. It was 
an extension of the English Poor Law system and had been imposed 
on Ireland without any attention given to the social and economic 
differences between the two countries. 

In 1844 the medical Press became interested in a Bill for the 
“ Better regulation of Medical Practice throughout the United 
Kingdom ”—^a forerunner of the Medical Act of 1868. The chief 
point of controversy was the relative standing of apothecaries and 
the medical profession. The Dvblin Medical Press opposed the 
apothecaries, the Lancet strongly supported them. In the 1844 
Bill the apothecaries were excluded from professional status—this 
Bill was withdrawn and the following year an amended Bill recog¬ 
nised them. 

The Dvblin Medical Press was rarely free from controversy. 
It took active part in the discussion of public questions affecting 
the interests of the profession and when it was not engaged in these 
controversies (for its discussion was almost always controvenrial) 
there were smaller matters in which it had lesser controrenries. 
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It WM concerned in squabbles more or less personal in cliques and 
groups which after 100 years have lost much of their interest. 

The offer of 6d. per man per month, including medicine and 
travelling expenses, for attendance on officers and men of the 
Royal Irish (3onstabulary not unnaturally raised discontent in the 
profession and this was not lessened by the remark of the Inspector- 
(.leneral that “ the honour of serving the police was in itself nearly 
a sufficient reward for the services rendered.” Though later re¬ 
formed, the authorities of the present police force until recently 
have [)ut the a[>pointments ui> to Dutch auction and given them 
to the lowest bidder. 

But thougli much given to controversy the Duhlin Medical 
Press gave considerable s|)ace to recording advances in medicine 
and surgery. In the issue of January 6, 1847, Mr. J. MacDonnell, 
surgeon to Richmond Hospital, described how on Jatniary 1 of 
that year he ” put to the test the 8urj>riHing disciovcry of Dr. .Jack- 
son and Dr. Morton that the inhalation of the vapour of rec^tified 
sulphuric ether is cmpable of rendering a j)atient undergoing a sur¬ 
gical operation perfectly insensible to pain.” He confessed himself 
“ sanguine respecting the safety, the great utility and the manage- 
abletiess of this singular agent.” 

To the student of social and epidemiological history of Ireland 
the most important event of the nineteenth century was the great 
famine of 1847, due to failure of the potato crof>. The csensus 
commissioners of IS.*)! calculated that from direct and indirect 
results of the famine, starvation, disease and emigration the pojiula- 
tion of the country lost in the course of a few years 2^ millions 
or nearly one-third of the whole. 

The fever hospitals were inadequate to deal with even a fraction 
of the numbers requiring hospital care and the ” temporary fever 
sheds ” did little more than crowd the fever-stricken patients in 
insanitary ill-ventilated shelters without any hospital equipment. 
The Dvblin Medical Press criticised the Government authorities 
for their incompetence and for their ingratitude to the medical 
men who laboured night and day at the hourly risk of their lives 
and received 5«. a day. 

Dr. Roulette has produced an interesting and useful account 
of a great journal which after years of controversy has passed 
from the troubled waters of 100 years ago into the calm of modern 
time. May he long remain to carry on in peace the useful functions 
of the important corporation which he controls. 
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** Tsrphoid Fever on the Witwatersrend ’’ ^ (P. J.) 

In the South African Union typhoid fever is endemic—^with 
periodic epidemic character. Approximately 5,000 oases are notified 
annually, but this figure falls short of the actual morbidity rate— 
owing to the inadequate notification in the large rural areas ocioupied 
by the Bantu population. It has been estimated that 2 |>er cent, 
of the Bantu are chronic typhoid carriers. 

W. Lewin has made an exhaustive study of typhoid in South 
Africa. He considers four chief aspects— viz, bacteriology, sero¬ 
logical diagnosis, specific prophylaxis and sj)ecific treatment. 

The bacteriological aspects included cultural characters, morph¬ 
ology, agglutinability, biochemical reactions, Vi antigen content 
of strains from acute cases and chronic carriers; the chief concern 
being to determine whether there is any relation between biological 
characters of the organism and the clinical manifestation of the 
disease. 

242 strains were investigated, 229 from acute cases and 13 
chronic carriers. In 182 cases the organism was isolated from the 
blood, withdrawn by veni-puncture into a sterile syringe and inocu¬ 
lated into ox bile or nutrient broth or both, 2 to 3 c.c. of blood 
into 10 c.c. of bile and 5 c.c. into 100 c.c. of broth. After 18-24 
hours* incubation at 37® C., plates of MacOonkey’s bile salt litmus agar 
were inoculated from the bile and broth cultures and after a further 
18-24 hours’ incubation of these plates, the non-lactose fermenting 
colonies were picked off and subcultured on to agar slo|)e8 which 
were incubated at 37® C. for 12-18 hours. 

Biochemical reactions of these cultures were examined and 
agglutination tests with antityphoid serum were performed. As 
soon as the organism was identified as B, typhosus, subcultures 
were made on to ascitic agar, on which medium the strains of 
baciUi were maintained throughout the investigation. 

In all cases there was good growth on agar—more abundant 
on ascitic agar. The strains were plated on agar and the resulting 
colonies appeared ‘‘ smooth ” ; no typical rough colonies were seen 
in any of the strains shortly after isolation. In morphology, stain¬ 
ing and cultural characters the strains conformed to standard 
descriptions. Variations in size from cocco-bacilli to long forms 
8 ^ in length were common. Motility varied in different strains, 
the majority were actively motile and no non-motile forms were 
met with. 

A 24-hours* broth culture of the strains was tested for agglu- 

^ By W. Lewin, M.D., B.Ch. Publication No. XLI of the South Afirioan 
Institute for Medical Research, Johannesburg. 
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tinability with serum obtained from a rabbit inoculated intraven¬ 
ously with jB. typhosus H.901. In addition, a saline suspension of 
a 24-hour agar growth of each strain was similarly tested with the 
same antiserum. Tl\e organisms in the broth cultures of all the 
strains were agglutinated in a serum dilution of 1 in 500 after 
2 hours’ incubation at 52° C. The saline suspensions did not give 
the same constant results—21 of the 241 strains showed no agglu¬ 
tination after 2 hours’ incubation at this temperature. Further 
incubation for 22 hours caused agglutination to occur in these 21 
strains. This delayed agglutination could not be ascribed to the 
absence of H agglutinogen in the organisms as the bacilli were 
motile in all cases. It appears that for the identification of the 
organism, agglutination tests should be performed with broth 
cultures, and not with sahne suspensions. 

Felix and Pitt have found that live smooth strains of B. typhosus^ 
if agglutinable with pure smooth O antiserum, kill mice if injected 
intraperitoneally in small doses. Highly agglutinable strains only 
kill in correspondingly larger doses. This phenomenon is due to 
an antigen which Felix and Pitt have termed the Vi antigen. 
Strains which contain a considerable proportion of this antigen 
were termed ** virulent ” and those in which the factor was absent 
were termed non-virulent,” and those strains which contained this 
antigen, but not in high degree, were termed “ intermediate ” 
strains. The 242 locally isolated strains of B. typhosus were 
examined for their Vi antigen content, the object being to deter¬ 
mine the ratio of “ virulent,” “ intermediate,” and “ non-virulent ” 
strains of B, typhosus found on Witwatersrand, and whether there 
is any correlation between the virulence of a strain and the clinical 
course of the disease ; also to determine the nature of the strains 
isolated from the chronic carriers of typhoid fever. 

Adopting Kaufman’s three forms of B, typhosus, classed accord¬ 
ing to their virulence : 

(1) V form, Vi antigen fully developed and therefore 0 inagglu- 
tinable. 

(2) W form, no Vi antigen and well agglutinated by 0 anti¬ 
serum. 

(3) The V-W form, of intermediate virulence, has Vi antigen 
but is well agglutinated by an O antiserum, being a mixture of 
V and W forms. 

Examination of 229 strains showed 7*86 per cent, of V forms, 
90‘39 per cent. V-W forms and 1*75 per cent, of W forms. This 
conforms with the results of other workers. It was also concluded 
that the identification of the form of the infecting organism is of 
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no prognostic value. In man the reaction of the patient is of 
more importance as regards the clinical result than the form of 
the invading organism. 

H and 0 agglutination is unreliable as a diagnostic measure in 
persons previously infected with typhoid vaccine. 

From experiments on the protection—prophylactic—action of 
different types of antityphoid serum, it is concluded that sera rich 
in Vi and 0 antibodies give as high a degree of protection against 
infection with live Vi-containing typhoid bacilli as does a serum 
rich in Vi but poor in O antibodies. 

A definite protective action is also afforded against a lethal dose 
of such bacilli by a serum rich in O antibodies but lacking in Vi; 
the degree of protection in this case is less than that afforded by 
the former two types of serum. Further, it is concluded that a 
serum rich in 0 antibodies affords better protection against a fatal 
dose of live non-Vi>containing typhoid bacilli than a serum not so 
rich in these O antibodies, even if the latter serum contains Vi 
antibodies. There also appears to be a direct relationship between 
the quantity of 0 antibodies in a non-Vi-containing serum and its 
protecting power against infection with live bacilli. 

Therapeutic vaccination—combined serum—vaccine therapy is 
considered, but the results are not encouraging. 

The vaccine used was Grasset's typhoid endotoxoid vaccine, 
prepared at the South African Institute of Medical Research. Of 
33 patients (7 Europeans and 26 non-Europeans) who were given 
vaccine—among the 26 non-Europeans there was an early drop in 
temperature in 7 cases, and in the 7 European cases the drop in 
temperature could be ascribed to the effects of the vaccine in only 
one case. 

Bliscellanea. 

The New Year Honours list included the following names well 
known in scientific circles : 0.3f.; Sir James Jeans. O.B.E. : 
Sir Frank Smith, Secretary of the Department of Scientific and 
Industrial Research. KnigHs: Prof. W. W. Jameson, dean and 
professor of public health, London School of Hygiene and Tropical 
Medicine ; Prof. R. Robinson, Waynflete professor of chemistry in 
the University of Oxford ; Prof. R. G. Stapledon, professor of 
agricultural botany, University College of Wales. C.M.O.: Mr. 
J. N. Oliphant, director of the Imperial Forestry Institute, Oxford. 
CJ.E.: Dr. W. Bums, agricultural expert to the Government of 
India in the Imperial Council of Agricultural Research Ddpt.; 
Lieut.-Colonel G. Coveil, director of the Malaria Survey of India ; 
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Mr. H. B. DunniclifF, chief chemist, Central Revenues Chemical 
Service, Lahore. C.B.E. : Jlr. W. F. Brown, chief mineral adviser 
to the Commissioners of Crown Lands ; Dr. A. S. Griffith, bacterio¬ 
logist, Medical Research Council. 0,B.E, : Prof. W. E. Agar, 
professor of zoology, University of Melbourne ; Dr. H. R. Angell, 
senior pathologist of plant industry. Council for Scientific and 
Industrial Research, Commonwealth of Australia; Prof. C. J. 
Hawkes, professor of engineering, King’s College, Newcastle ; Mr. 
W. F. Higgins, secretary of the National Physical LaboratorJ^ 

Sir Frank Smith has retired from his post as Secretary to the 
Committee of the Privy Council for Scientific and Industrial Research 
and has been appointed adviser on research and development to 
the Anglo-lranian Oil Co. H.M. The King has ap[)roved the appoint¬ 
ment of Prof. E. V. Appleton, D.Sc., LL.D., F.R.S., to succeed 
Sir Frank Smith. 

Prof. G. T. Finch has been created Commander of the Order 
of King Leopold 11 for his services in Belgium while Fondation 
Franequi professor in the University of Brussels during the year 
1937-38. 

The gold medal of the Royal Astronomical Society has been 
awarded to M. Bernard Lyot of the Meudon Observatory, France, 
for his work on the solar corona. 

Other recent awards have included the following : Murchison 
modal of the Geological Society to Dr. H. Jeffre 5"8 ; Longstaff 
medal of the Chemical Society to Prof. I. M. Heilbron ; Duddell 
medal of the Physical Society to Mr. R. W. Paul ; the medal of 
the Institute of Metals to Sir Harold Carpenter. 

Prof. Sir Robert Robinson has accepted nomination os President 
of the Chemical Society for the period 1939-41. The Council of the 
Society has nominated Prof. G. M. Bennett to succeed Dr. H. J. T. 
Ellingham as honorary secretary and Mr. F. P. Dumi to succeed 
the late Mr. Emile Mond as treasurer. 

Dr. R. L. Smith-Rose has been appointed superintendent of 
the Radio Department of the National Physical Laboratory. 

The following is a list of the presidents of the several Sections 
of the British Association for the meeting at Dundee this year : 
Section A (Mathematics and Physics), Mr. R. S. Whipple ; Section 
B (Chemistry), Prof. E. K. Rideal; Section C (Geology), Prof. 
H. H. Read ; Section D (Zoology), Prof. J. Ritchie ; Section E 
(Geography), Mr. A. Stevens; Section F (Economics), Prof. H. O. 
Meredith ; Section G (Engineering), Mr. H. E. Wimi)eris ; Section 
H (Anthropology), Prof. W. E. Le Gros Clark ; Section I (Physio- 
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logy), Prof. D. Bums ; Section J (Psychology), Mr. R. J. Bartlett; 
Section K (Botany), Prof. D. Thoday; Section L (Education), 
Dr. A. P. M. Fleming ; Section M (Agriculture), Sir Thomas Middle- 
ton. 


We have noted with very great regret the announcements of 
the death of the following scientific workers during the past quarter : 
Prof. George Barger, F.R.S., regius professor of chemistry in the 
University of Glasgow ; Prof. J. W- Bews, botanist and principal 
of Natal University College ; Andr6 Blondel, electrical engineer ; 
Dr. Calvin B. Bridges, geneticist, of the California Institute of 
Technology ; Dr. F. P. Burt, reader in stoichio-cheraistry in the 
University of Manchester; Sir Thomas Callender, managing 
director of Callender’s Cable Co. ; Prof. H. A. C’uramins, C.M.G., 
emeritus professor of botany. University College, Cork ; Dr. C. J. 
Gahan, keeper in the Department of Entomology, British Museum ; 
Dr. F. W. Goodbody, lecturer in medical chemistry. University 
College, London ; Ib-of E. H. Hall, Harvard University, discoverer 
of the Hall effect; Prof W. McDougall, F.R.S., psychologist; 
Mr. Emile Mond, chemist; Mr. M. A. Phillips, guide lecturer in 
the British Museum (Natural History); Prof. A. W. Porter, F.R.S., 
physicist; Prof. H. H. Woollard, P.R.S., anatomist; Prof. Georges 
Urbain of the Sorbonne, chemist. 

National Bureau of Standards Handbook H.23 issued by the 
Sujierintendent of Washington, D.C. (10 cents), contains an impor¬ 
tant account of the precautions which should be taken for the 
protection of persons habitually using radium, e.g. technicians, 
nurses and messengers. A chart prepared by G. Failla, physicist 
to the Memorial Hospital, New York, shows the minimum safe 
distance for continuous working (7 hours daily) with different masses 
of radium entirely surrounded by various thicknesses of lead. For 
example, if 1 mgm. of radium is enclosed by 1 cm. of lead the 
safe distance is just under 20 cm. ; for 1 gm. 16 cm. of lead would 
be needed for the same working distance. 

The National Physical Laboratory has issued a number of 
pamphlets containing details of the tests carried out in its several 
departments together with the reduced scales of fees which came 
into operation on January 1. The pamphlets are primarily designed 
to inform manufacturers as to what the Laboratory can do, the 
form in which test specimens should be prepared and the manner 
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in which they should be packed and despatched ; but there is 
much detail of general interest. 

The pamphlet relating to the work of the Heat Division is 
conc>emed with thermometric tests, hygrometers, viscometers and 
the determination of the usual thermal constants—transition tem¬ 
peratures, specific heats, latent heats, conductivities and coefficients 
of expansion. The conditions for the issue of certificates of per¬ 
formance for liquid-in-glass thermometers are given in detail. For 
Class A mercury thermometers these include scales of maximum 
permissible errors, limits for the variation of the correction along 
the stem and limits for the temporary depression of the ice point. 
It is stipulated that corrections at consecutive test points shall not 
differ by more than five times the limit of accuracy of the test, 
e.g, by not more than 0 01''C. if the thermometer is tested to 
+ 0-002'^ C. The ice point is checked at the commencement of 
the test and again 24 hours after its conclusion. The difference 
must not exceed the accuracy with which the ice point is observed. 
Thus if the initial ice point was 0-00 ± 0 01° C. the final one must 
lie within the limits ± 0*02 ± 0 01° C. The fees for class A tests 
vary with the accuracy required, the range and the numl>er of tost 
points. A — 20° C. to f- 100° C. thermometer is tested at seven 
temperatures to an accuracy of ± 0*1° C. for 4«. and to ± 0 01° 0. 
for 15^. 

The conditions fulfilled by clinical thermometers bearing the 
N.P.L. mark are described. The graduations must not be in error 
by more than 0*2° F. below 106° F. and the mercury column must 
not drop by more than this amount when the thermometer is 
allowed to cool for observation. The resetting must satisfy a 
centrifuge test and the scale must allow the readings to be taken 
easily. The alleged rapidity of action ( J min., 1 min., etc.) is not 
checked since this varies when the same thermometer is used for 
different individuals. The tests cost the maker 3d., including free 
collection and delivery in the London area if not less than 1,000 
thermometers are presented at one time ! 

Determination of the re8istan(?e of a four-lead i)latinum resist¬ 
ance thermometer at the ice, steam and sulphur points costs £2 10^, 
with another £2 for a measurement at the oxygen point. With 
this type of thermometer the accuracy at the ice and steam points 
does not exceed ± 0*02° C. The usual fee for a specific heat 
measurement between 0° C. and 100° C. is £4 and the same charge 
is made for determining the thermal conductivity of a metal in 
the range 50° C. to 200° C. A determination of the conductivity 
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between 200° C. and 800° C. costs £8. For such conductivity 
measurements a guard ring method is used. One end of the 
specimen (a rod c. 15 in. long and 1, l-S or 2 in. diameter) is main¬ 
tained at a suitable high temperature while the other is cooled by 
a flow calorimeter which measures the heat conducted. Radial 
flow is prevented by a guard tube, similarity of temperature along 
rod and tube being checked by thermo-elements attached to the 
former at three equidistant points. 

Other pamphlets issued by the Laboratory deal with the work 
of the Radiology and of the Acoustics Divisions. One or two details 
in each only can be noted here. Search for lost radium containers 
costs about £5 per day in the London area ; inspection of an X-ray 
or radium department from £5 to £15 plus the i)ersonaI expenses 
of the inspecting staff; tests on a high vacuum gauge are carried 
out for about £6. The Acoustics Division is prepared to report 
on plans for auditoriums, conference halls, etc.; to inspect com¬ 
pleted buildings for the purpose of effecting improvements and, 
of course, to carry out routine transmission and absorption tests 
on suitable material. 

We have also received from the Laboratory a copy of the 
AbstracUt of Papers published in 1937 (H.M. Stationery Oflice, Is. 
net), and Vol. XXIV of the Collected Researches (£1 2«. 6d. net). 
The former contains abstracts of 141 papers classified under suit¬ 
able headings, an author and a subject index and a preface by the 
new director. Prof. C. G. Darwin. Here it is pointed out thut the 
main purpose of the Laboratory is to assist British industry, that 
opportunities for advising British firms on technical matters is 
welcomed, and that no charge is made unless experimental work 
is carried out at the request of the firm. 

The Collected Researches are concerned mainly with measure¬ 
ments relating to fundamental standards and is the last volume of 
its kind which will be published. It contains Stott’s paper on 
pivots and jewels used in measuring instruments, Vigoureux’s 
determinations of the electromotive force of the Weston cell, the 
ampere and the ohm, and Sears and Barrell’s paper on the wave¬ 
lengths of light. 

The Report of the Department of Scientific and Industrial Research 
for the year 1937-38 (H.M. Stationery Office, 3«. net) contains a 
summary of the work carried out by the various Research Boards 
and Research Associations supervised by the Department. One 
new research association was formed during the year—^the British 
Coal Utilisation Research Association. It will have a minimum 
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income of £18,000 a year. The Wool Research Aasociation has 
had a difficult time, but certain sections of the industry have in¬ 
creased their subscriptions and a possible income of £29,000 a year 
may be available during the next quinquennium. By contrast the 
Cotton Research Association, with an income of £87,000 a year, 
continues to expand. Its laboratories and workrooms cover over 
three acres and are equipped with all the apparatus and machinery 
needed to deal with problems encountered in every process of the 
industry from the raw material to the finished cloth. 

Grants to students in training, senior research awards and grants 
for the development of 8j>ecial investigations totalled £26,400. 
Eighty applications for maintenance allowances for studentsdn- 
training were granted and 105 refused, the distribution between 
the various branches of scienc^e being much as before. 

It is interesting to note that the Wool Association’s chlorination 
process for the preparation of wool resistant to shrinkage has been 
put on a production basis and that the goods manufactured from 
the wool are to be sold under the trade mark Woolindras. 

We have received from Messrs. Adam Hilger Ltd. copies of their 
publications S.B. 107/9, S.B. 166/6 and S.B. 266 dealing respectively 
with spectrographic outfits for metallurgical and general chemical 
analysis, outfits for absorption spectrophotometry and with the 
arrangement and equipment of a complete spectrochemical labora¬ 
tory* The details provided are sufficient to enable a prospective 
user to learn what can be done, how it is done and what it will cost. 
The quartz spectrographs cover the range 2000 A. to 8000 A. and, in 
the largest, the length of the spectrum between these limits is 67 cm* 

The General Chemical and Pharmacological Co., Ltd., Judex 
Works, Sudbury, Middlesex, have sent us a pamphlet dealing with 
their analytical reagents. There will in future be given on the 
bottles containing them the actual values of the impurities in the 
batch of which the material is a portion. Moreover, this analysis 
will be based not only on the analysis of the works laboratory, 
but also on an analytical certificate issued by competent independent 
analysts. The advantage to the user of knowing the actual values 
of the impurities in the reagent instead of a schedule of maximum 
Talues of impurities is obvious, and the manufacturers of Judex 
analytical reagents are to be congratulated on their new venture. 
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THE DISPLACEMENT OF MAXWELL. By W. W 11 . 8 ON, F.R.S., 
Hildml Carlile Profe«8or of Physics in the University of London. Being 
a Review of Electromagnetics : A Discussion of Fundamentals, 

by Alfiucd O’Rahiixy, Professor of Mathematical Physics, University 
College, Cork. [Pp. xii 4* 884, with 73 figures.] (London, Now York, 
Toronto : Longmans, Green & Co. ; Cork : Cork University Pr«?S8, 
1938. 42tf. net.) 

Much of this book is historical. The author claims that in it the 
history of electromagnetic theory is re-written and we find in the 
titles of many of the chapters such names as Poisson, Maxwell, 
Ampere, Neumann, Lidnard, Poynting, Voigt, Weber, Ritz and 
others. He professes to disagree with most of what is commonly 
accepted to-day about electromagnetic theory. He maintains “ that 
Maxwell’s views are really off the main line of development ” and 
he is almost contemptuous of Einstein’s special theory of relativity 
which he describes as “ Einstein’s use of Voigt’s transformation.” 
He regards his work, quite mistakenly in the opinion of the present 
reviewer, as “an essay in constructive criticism.” There is, of 
course, a semblance of oonstructiveness in the suggestion that an 
“ appropriate theoretical sub-structure for [electromagnetic] pheno¬ 
mena ” is a law of force between moving charges which must involve 
the element of propagation in time. Professor O’Rahilly has no 
new sub-structure of his own to put in place of the Maxwell-Lorentz- 
Einstein foundation. He seems to hesitate between a formula 
derived by Li^nard and a “ universally ignored alternative formula 
proposed by Ritz.” Of the former it may be pointed out that it 
is a consequence of the accepted classical theory, as Professor 
O’Rahilly admits, while the latter, being based on the “ initial 
assumption . . . that each electrified point emits, at each instant 
and in all directions, fictitious infinitely small particles , . seems 
exposed to criticism even more devastating tlian that directed 
by Professor O’Rahilly against the imaginary clocks and observers 
which he seems to regard as an essential part of Einstein’s special 
theory of relativity. 

Most of the author’s criticism is directed against the expositions 
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of electromagnetic theory by numerous writers, ranging from 
great authorities like Einfctein, Planck, Drude and Sommerfeld, 
down to the writers of obscure text-books. Apart from this what 
will strike the reader most forcibly in the perusal of this work is 
the attack on the notion of “ field,*' on Maxwell’s displacement and 
on Einstein’s relativity. “ Any alleged explanation based on 
* fields,’ ” we are told, “ is ultimately reducible to metaphors.” 
Of Maxwell’s displacement he says : “ The term ‘ displacement ’ 
was most unfortunate; it seems to have had a h 3 r{jnotic effect on 
Maxwell himself, . . In another place we read “ it [i.e, 
E/47r] is not a current at all, it does not represent a flow of elec¬ 
tricity.” Finally on pp. 522 and 523 we read “ We have already 
shown the impossibility (it ought to he obvious !) of regarding 
ti/iTi as a current, except by a quibble on the word ‘ electricity.’ ” 
Yet strangely enough we read at the end of the chapter devoted to 
Maxwell and his displacement current: ‘‘It does not at all follow 
from this chorus of despair [he is referring to expositions by various 
writers of the nature of Maxwell’s displacement] either (1) that 
Maxwell’s innovation was wrong or (2) that it cannot be explained 
and derived without contradicting the doublet theory of dielectrics 
and without resisting logical incorporation into an electron theory. 

. . . There is then all the more urgency for relating it to the rest 
of electrical theory without perpetrating paradoxes about a 
current which is not a current.” Can it be that Professor O’Rahilly 
is all the time at heart a follower of Maxwell and Einstein and that 
most of his book is a “ mere logomachy ” ? 

Clerk Maxwell, one of the greatest of aU who have contributed 
to the advancement of physical science, introduced the displacement 
current as a hypothesis and thereby succeeded in unifying the two 
provinces of optics and electromagnetism. His electromagnetic 
theory brought about a co-ordination of two vast collections of 
experimental results, and the ability of a theory to achieve this 
kind of thing is, according to Professor O’Rahilly himself, the sole 
test of it (p. 641). Indeed, it did more than this. It predicted 
the existence and character of electromagnetic waves and it has 
been the inspiration and guide of much or most of the later work— 
in naacroscopic physical science at all events. It is quite easy to 
justify the view that K&/in is a current density—even in free 
space. In fact, we usually, and indeed almost invariably, measure 

currents of electricity by the line integral ^(HdZ)—apart from a 

constant numerical factor—and a field intensity, notwithstanding 
ito ** metaphorical ” character, is something that can be measured. 
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All galvanometric measurements are based, directly or indireotly, 
on the identification, apart from a constant numerical factor, of 
current strength and this line integral and actual observation 
proves that it does not vanish round suitably oriented loops in 
regions through which broadcasting waves are travelling. This is 
sufficient evidence that electric currents flow through such loops. 
These are Maxwell’s displacement currents. We can easily associate 
them with the actual passage of electricity. We have only to 
integrate over an area A i)erpendicular to E and a period 


of time to obtain 


KAE/4jr (or 


K^\ 

ind ) 


which is the charge acquired 


by condenser plates perjiendicular to E. 

Relativit}', which may be said to have its immediate origin in 
Maxwell’s theory, is also severely treated by Professor O’Rahilly. 
He comments on it as follows : “ Heizing upon an elementary and 
innocuous transformation given by Voigt in 1887, they [the mathe¬ 
maticians] have, under the leadership of Einstein (190.5), erected 
a weird structure laltelled ‘ relativity.’ It involves the introduction 
of dulai into physical laws, the proceeding being skilfully concealed 
by the invention of imaginary ‘ clocks ’ ” (p. 851), and further on 
(p. 852) we read ; “ The real popularity of the new ideas began 
when Minkowski (1908) adopted the analytical dodge metaphorically 
called the use of four dimensions. The mathematicians got their 
chance, and the semi-educated developed their natural gullibility.” 

These passages are characteristic of the author’s style and 
critical method. There is quite frequently a very serious mis¬ 
apprehension of the plain meaning of some description or theory 
accompanied by the ascription of unworthy motives. Einstein’s 
theory is apparently vitiated by ” dates ” which he has “ skil¬ 
fully <Joncealed.” Minkowski uses an “ analytical dodge.” The 
mathematicians “ got their chance.” The “ analytical dodge ” 
of Minkowski, to which reference has been made, is simply the 
adoption of x* -{ y* + z* — as an invariant; x, y and z being 
the components, in a rectangular co-ordinate system of a displace¬ 
ment and t the time interval during which it occurs. By “in¬ 
variance ” is meant, of course, that x* -f y* -|- z* — c*l* is equal to 
«'* + y'* -I- z'* — c*/'* where x', y', etc., refer to any other rec¬ 
tangular co-ordinate system which is moving with a constant 
velocity r^atively to the former one. Since, if we like, we may 
write w* — — cH* and to'* = — we may also speak of spaoe- 
time as a four dimensional continuum and coll the invariance the 
theorem of Pythagoras. The important thing about this is that 
it is phjfgicaUy significant and its immense co-ordinating value 
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(the sole test of a physical theory according to Professor 
O’Rahilly) is beyond dispute. 

The book is interesting and much of the historical part is valu¬ 
able, fur example, the account of the work of Voigt and his 
discovery of the transformation which is now generally attributed 
to H. A. Lorentz. There is also much healthy criticism of loose 
expositions of physical theory by individual writers. The reader 
will be impressed by the great erudition and competence of the 
writer ; but he will probably close the book with a sigh of regret 
that its author did not approach his task in a broader and more 
open-minded spirit. 

THE LAWS OF HEREDITY AND THE COURSE OF EVOLU¬ 
TION. By E. W. MAcBamK, M.A., D.Sc., F.R.S. Bi^irig a Review 
of More Difficiiltiee of the Evolution Theory, by Douglas 
Dkwar, F.Z.S. [Pp. xii + 215, with 6 plat/OH.] (London : Thynne 
Co., Ltd., 1938. 6d. net.) 

The occasion of this article is the appearance of a remarkable book 
entitled More Difficulties of the Kt)oltUion Theory, in which the author 
attacks the whole idea of evolution and supports a doctrine of the 
origin of species by special miraculous acts of the Oeator, such as 
was held by our great-grandfathers and is supposedly taught in the 
Book of CJenesis. It would require a long essay on comparative 
embryology to expose all the errors of Mr. Dewar's book, and 
for this not even the most generous of edit/ors has space. One 
or two examples of Mr. Dewar's arguments may however be cited : 
thus he maintains that the human os coccyx " is an independent 
creation, though in the embryo it api)ear8 as a short tail which 
is regarded by every comparative anatomist as evidence that the 
human skeleton has been evolved from that of a simian ancestor. 
In the plains of North America are found the bones of numerous 
horse-like animals which show, step by step, the change from a 
four-toed ancestor to the one-toed horse, a series which Huxley 
regarded as the final proof of evolution. According to Mr, Dewar, 
however, all these varied types wandered in from the north, and 
there is no proof that one evolved from another. “ In my opinion," 
he writes, ** the unfossiliferous nature of the pre-Cambrian rocks 
is fatal to the theory of evolution." If we reflect that rocks of 
all ages back to the Cambrian may persist as loose clays in which 
even the structure of a jelly-fish may be preserved, and that all 
pre-Cambrian rocks are of indurated material in which no delicate 
structure could survive, the value of this argument of Mr. Dewar's 
must be apparent I 
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The book is dedicated to Dr. Fleischmann, Professor of Zoology 
at Erlangen, who for thirty-seven years has opposed the doctrine 
of evolution. It may be noted that Erlangen is a Roman Catholic 
university, and Dr. Fleischmann’s interpretation of his own excellent 
descriptive researches may well have been affected by his intel¬ 
lectual environment. In any case the attitude of the Church 
towards evolutionary science has broadened since Fleischmann’s 
day, and as a result of personal experience I have reason to believe 
that, granted the initial act of creation, few enlightened Churchmen 
would now quarrel with the doctrine of subsequent evolution of 
species. 

Mr. Dewar attributes to his opponents an atheistic materialism 
such as was current towards the end of the nineteenth century 
when the influence of Huxley and Tyndall was at its height. 
Theological discussions are out of place in a scientific journal, but 
I may be permitted to remark that pure atheism is a difficult creed 
to maintain, for it means the development of everything by chance 
out of a mob of particles as to the origin of which the atheist has 
no explanation. It is, of course, well known that the leading 
physicists have abandoned the atheistic position : Professor von 
Planck cannot be accused of orthodoxy, yet he has said, “ The 
fact that we can predict and to a certain extent control the course 
of future events would remain an insoluble mystery were there 
not a fundamental agreement between oim minds and the structure 
of the Universe.” In other words, there is behind phenomena a 
Mind essentially similar to but infinitely greater than our own. 
Some modern physicists go even further and assert not only that 
the “ Laws of Nature ” are the manifestations of an Almighty 
Mind but that at certain points in the stream of development 
direct explosive intervention took place, altering the gradu^ pro¬ 
cess and giving it a new start. As Lord Kelvin pointed out long 
ago, there is evidence of three such interventions, the first to effect 
the primal aggregation of energy in the Universe, the second to 
generate Life and the third to produce Man. 

I once gently chided Sir James Jeans on his use of the word 
“ creation ” in an essay, and he replied; “ It is all very well; 
Science takes you back a certain distance and then brings you 
up against a blank wall.” 

Evolution properly means “ unfolding,” as the bud of a flower 
gradually unfolds its petals, and in the eighteenth century the word 
was used in this sense. Thus Mother Eve was supposed to have 
had within her not only the germs of her immediate offspring 
but within these germs those of the subsequent generation, and so 
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on, down to the present day. Lamarck, the first evolutionist in 
the modern sense, described the gradual modification of species 
as one generation succeeded another, and called his theory ** Trans- 
formism : the word Evolution '' was used to describe this pro¬ 
cess by Lyell in his Principles of Geology^ and this use is now 
imiversal. 

Evolution is the result of the nature of animals and plants and 
of the manner in which they transmit their characteristics to follow¬ 
ing generations. Like tends to beget like, but parents and offspring 
are never identically similar, and evolution results from the summa¬ 
tion of their differences, the nature of which therefore merits close 
examination. Two kinds of these differences are familiar to us : 
there are first what are called “ fluctuating variations ” ; if we look 
at the leaves of a tree we can trace a continuous series from the 
smallest to the largest, and the same is true of animals. Darwin 
assumed that these minute variations occurred in all directions 
and were heritable : the first great blow to be struck at Darwinism 
was the proof by the pure-line investigations that these small 
variations are not heritable. Thus Johannsen took the smallest 
and lightest bean in a crop produced by one plant, sowed it and 
self-fertilised the flowers of the plant which sprang from it; he 
then compared the crop which it produced with that resulting 
from similar treatment of the heaviest bean in the original crop. 
In each cose the individual beans differed slightly amongst them¬ 
selves in size and weight, but the crop produced by the lighter 
of the two selected beans was no less heavy than that of its fellow. 
Agar examined the females of the little fresh-water crustacean, 
Simooephalus, which produc^e eggs that develop without fertilisation 
in a brood-pouch between the body of the mother and its projecting 
shell; breeding from the progeny of a single female he found that 
the longest larvse produced descendants that were no longer than 
those of their shortest sisters. Finally there are the experiments 
of Jennings (in America) on the Slipper Animalcule,’* the Protist 
Paramecium, which reproduces itself by transverse division. He 
selected a single individual and put it in a bowl of hay infusion; 
when it had so multiplied as to overcrowd the bowl he took from 
the latter a single individual and placed it in a new bowl. In 
this manner Jennings was able to carry on a population derived 
from a single individual for hundreds of generations: when he 
started a new line by selecting the smallest individual in a bowl 
he found that the animalcules so produced were just as large as 
those obtained by selecting the largest individual and breeding 
from it. 
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No three organisms could be more divergent from one another 
in the scale of life than a flowering plant, a Crustacean and a Protist, 
and it is clear therefore that the rule of life deduced from these 
three sets of experiments is of universal application. 

But there exist variations of a quite different nature, known 
as “ sports ” ; these crop up in every farm-yard and garden, and 
are strongly inherited. Darwin never properly discriminated be¬ 
tween these and “ fluctuating variations.” The fashionable view 
has been that these sports are the material of evolution and of the 
formation of new species, but the most recent investigations show 
that this view is untenable. Mohr, who was described by the 
late Dr. Bateson as the foremost " drosophilist ” in Europe, has 
shown that sports are the outward and visible signs of a weakness 
of constitution and that the more marked are the peculiarities 
of the sport the greater is the weakness. The cause of sports 
is evidently to be found in the soil (plants), stables and sties (animals) 
in which they are bred; when sports are transferred to natural 
conditions where they are free from the attacks of their enemies 
they go wild—i.e. they resume the habits and structure of the 
wild ancestor. One of the best instances of this is the transforma¬ 
tion of the New Forest pigs imported into New Zealand about 1790 
by Captain Cook, who distributed them to the Maoris in order to 
wean the latter from cannibalism—^they were in the habit of eating 
their superfluous young girls. The Maoris, however, knew nothing 
of husbandry, for in New Zealand there were no mammals, only 
a few species of reptiles and amphibia. The pigs escaped into 
the bush and in forty years developed all the features of the original 
wild boar; they became a menace to the settlers and expert in 
cutting out isolated sheep from the flocks, surrounding and devour¬ 
ing them. Eventually the Government had to institute a campaign 
against them, but has not even yet succeeded in exterminating 
these feral pigs from the country. 

If, then, neither fluctuating variations nor sports can produce 
evolution, what remains ? Can it be as Iiamarck asserted, that 
new habits adopted under pressure of new circumstances and con¬ 
tinued for a long time become heritable and leave their marks on 
the structure of their possessors ? The newest investigations not 
only support this hypothesis but afford definite proof of it, and 
the Lamarckian view is no longer merely a plausible thecnry, but 
has become an established fact. 

I shall give one instance of the researches which have established 
Lamarckism— viz. a series of experiments carried out by my late 
pupil. Miss Dorothy Sladden, who investigated the tastee of par- 
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thenogenetic ntick-insects, the normal food of which is, in England, 
the leaves of the privet. By forcing the insects to eat ivy by 
means of periods of starvation, between which they were rescued 
from complete famine by a meal of privet, Miss Sladden showed 
that most of them required five or six such periods before they 
would accept ivy—some indeed took it only at the ninth or tenth 
presentation. The eggs of all the insects which accepted ivy at 
the same presentation were collected and allowed to produce a 
new generation which was treated similarly to the first. After 
four or five generations 100 per cent, of the progeny of all classes 
accepted ivy at the first presentation. 

Experiments no less convincing have been carried out by Pro¬ 
fessor W. Macdougall on the heritability of habits artificially instilled 
into rats, but as these experiments are less easy than those of 
Miss Sladden to describe within a limited compass I have confined 
myself to the latter. 

Evolution is thus seen to be the inevitable result of changes 
of habit and food forced on expanding races by the necessities of 
environment, and organic structure is merely crystallised habit. 
Moreover, the fact that new habit is acquired only in the adult 
stage, while in the immature stages the anc^estral habit is retained, 
accounts for the biogenetic law that the individual life-history 
recapitulates that of tlie race. 
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The Evolution oi Physics. By Albert Etnatein and Leopold Infeld. 

[Pp. X -f 319, with 3 platos and 75 figures.] (Cambridge : at the 

University Press, 1938. 8^. 6d. net.) 

The purpose of this book is “to sketch in broad outline the attempts of the 
human mind to find a comioction between the world of ideas and the world 
of phenomena.'* It is due in no small measure to Prof. Einstein that the 
evolution of physios can now be defined in these purely subjective terms. 
In pre-relativity days the corresponding phrase would have been something 
like “ to sketch in broad outline the attempts of the human mind to discover 
the contents and laws of behaviour of the external world.** No simple- 
minded reader of these pages, wo believe, can fail to realise that the newer 
statement represents a far bettor outlook, making possible a for deeper 
understanding, on the progress of physics. The order of development of the 
ideas is partly logical and partly chronological, and where a choice has had 
to be made the former sequence has been preferred. In such a brief descrip¬ 
tion no other course was desirable, or even possible, and the authors have 
also wisely chosen to concentrate attention on the main lines of development 
rather than to aim at comprohonsivenoss. Some important branches of 
physics thus receive only brief mention, and others (e.g. the theory of sound, 
surface tension, osmotic pressure, etc.), however important in themselves and 
in their relation to extra-physical considerations, are completely ignoreti. 
This, of course, is no defect; it is a deliberate contrivance, and serves to 
emphasise the fact that the development of general ideas, and not the extent 
of their application, is the main theme. 

There are four chapters, efiksh representing an ejjoch in the history of 
physical thought. The first deals with the rise of the mechanical view from 
the ideas of Galileo and Newton—a movement which inspired the hope that 
all phenomena could bo “ explained by the action of forces representing 
either attraction or repulsion, depending only upon distance and acting 
between unchangeable particles.” The second chapter describes the decline 
of this view as difficulties accumulated in the study of electromagnetic 
phenomena and light. This represents on interim period, during which the 
mechanical view was still firmly enthroned but the influences which were 
ultimately to overthrow it were gradually gathering strength. In the third 
chapter, the displacement of the mechanical view by field theory is described. 
Here attention is concentrated, not on particles and the forces they exert on 
one another, but on the ” structure of the field ” between them. The two 
great expressions of the field idea are Maxwell’s electro-magnetic theory and 
the theory of relativity, the chief points of which are explained. This is 
naturally the most difficult section of the book, and, though the presentation 
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is clear and well-conceived, it justifies the authors’ reminder that careful 
reading is necessary and that “ i. scientific book, even though popular, must 
not bo read in the same way as a novel.** The authors’ summing-up of this 
chapter seems to imply that they consider the present conceptual scheme of 
macroscopic physics less satisfying than that contemplated (but not realised) 
in the days of the mechanical view, in that one concept (matter) was then 
Bufiiloient, whereas now we need two (matter and field). They consider the 
possibility of a pure field theory, but decide that, at present at least, matter 
also is indispensable. There are two considerations, however, which prompt 
us to question this conclusion. In the first place, the mechanical view 
required not only the concept of matter, but the concepts of space and time 
also—^thre<» independent concepts—whereas the general theory of relativity 
merges all these together, so that the characteristics of field and matter alike 
con ell be expressed in terms of a single unit, say the unit of kingth. And 
secondly, since we are dealing only with general ideas and not with practicability 
of application, is it not true to say that, when the structure of the system is 
completely described in terms of the the density of matter at every set 
of values of x, y, z, i is determined by the energy-momentum tensor, whether 
that density is zero or not ? This tensor has, of course, frequently been used 
to describe continuouH distributions of matter, where matter *uid field are 
identical, but does it need more than the correct mathematical expression 
in order to describe any field of space-time containing isolated pieces of 
matter ? If not, then field becomes the only “ reality,” and the line-element 
which defines a system defines comprehensively the bodies and the spaces 
between them at aU times. The phenomena dealt with by the (juantum theory, 
of course, stand outside, and these are outlined in the final chapter, with a 
brief account of the diffiotilties they create and the attempts made to solve 
those difficulties. 

It will be realised that the book is concerned with the most fundamental 
problems of physios, and deals not so much with the explanations of 
phenomena os with the kinds of explanation that have been sought. As 
such it is of great value. One can scarcely recommend a book by Professor 
Einstein on the ideas which have led to the theory of relativity without 
appearing slightly ridiculous. Even Homer may nod, however, and perhaps 
it is not presumptuous to express the opinion that on this occasion he has 
not done so. 

H. D. 

Phyaik: Mr Siudleranda an Taobnisolim Hoobschulen und 

Univtrait&ten. Von iKOEKiBtrR Dr, Paul Wbsbel. Herausgege- 
ben von Dr. V. RnsDEBSK von Paar. [Pp. xii -f- 650, with 277 
figures.] (Munich : Ernst Reinhardt, 1938. RM. 4.90.) 

This German text-book is advertised as suitable for students in technical 
ooUeges and universities. The first thing which strikes the English reader 
is the very wide range of topics with which it deals. Tlio descriptive 
portion of the text covers quite a number of subjects of a second-year honours 
course in physios as well as those of previous courses. The treatment is, 
however, as elementary as possible and is very clear. There is, perhaps, 
a slight but natural bias towards the point of view of an electrical engineer. 
Among many good sections those on electrical machines, X-rays and 
polarised light are excellent. The most striking single feature is the special 



SCIENCE PROGRESS 


780 

chart of tlic periodic system devised by the author, in which he uses the 
lengths of arcs of concentric circles as a means of exhibiting the distribution 
of electrons in the various sub-atomic shells. Assuming that the book was 
intended as an introduction to the study of physics, it may be said that 
the purpose has been successfully achieved, though naturally the mathematics 
has been cut down to matriculation standard. Depth has been sacrifioed 
to width, expressions for the axial and equatorial fields of a bar magnet, 
and the capacity of a parallel plate condenser are neither stated nor derived. 
On the other hand short but clear accounts, with goo<l diagrams, of such 
instruments as the cathode ray oscillograph, the mercury vapour rectifier 
and the ultramicroscope are given. Even relativity, artificial disintegration 
and wave mechanics receive a fair amount of attention. Numerous des¬ 
criptive examples are included. The book may also be recommended to 
the second-year student of scientific German on account of its extensive 
vocabulary, easy type of sentence and comparative cheapness. 

N. D. 

Photoelements and Their Application. By Db. Bruno Lanob. 
Translated hy Ancbl St. John, Ph.D. [Pp. 297, with 67 figures.] 
(New York : Reinhold Publishing Corporation ; I.»ondon : Chapman & 
Hall, Ltd., 1938. 27s. 6d. net.) 

It should be pointed out at once tliat this book is confined to a very 
limited field. By “ photo^ilements ** Dr. Lange means “ rectifier-type ** or 
“ barrier-layer ” photocells only, and most of the work describe was 
carried out by himself or his fellow countrymen. No attempt has been 
made to bring the American edition up to date, so the book is really three 
years old. Tins is felt mainly in the first half, dealing with the physical 
properties of these cells and the theory of their action. Nevertheless, the 
historical summary and some clear expositions of elementary theory (e.g. 
pp. 77-87) will serve as useful introductions to more detailed and later work. 
A proper perspective of the subject ccuinot be obtained from this book alone. 

The second half of the book is perhaps of more general interest, for here 
many applications of the cells art^ described, especially in photometers 
and photographic exposure meters. Incidentally, it should be emphasised 
more strongly that it is difficult to use valve amplification with this type of 
cell. Many of the instruments described have l^n designed by Dr. Lange 
himself. Bibliographies are appended to each half of the book. 

The translation is not always very happy, many sentences still showing 
signs of the original German construction, and we read of “ Wilson fog 
chambers,’’ “tdfrored radiation,” etc. The book is profusely illustrated 
and excellently produced, but the price is high. 

It is a great convenience to have a summary in English of scattered 
German papers on photot^lements, particularly when the author of the book 
is himself a pioneer in the subject. 

F. A. V. 

Negative lone. By H. 8. W. Massey. Cambridge Physical Tracts, 
No. 1. [Pp. xiv F 105, with 19 figures.] (Cambridge: at the 
University Press, 1938. 6s. net.) 

In this volume, the first of the new series of Cambridge Physical Tracts, 
Prof. Massey gives a clear and concise account of the present extent of our 
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knowledge about the formation and dissociation of negative ions. In 
Chapter 1 the author discusses the theoretical basis for the existence of 
negative atomic ions and compares theoretical values of electron affinities 
with those obtained by various experimental methods. Chapter II contains 
a theoretical discussion of negative molecular ions, whilst Chapters III and IV 
deal chiefly with experimental results and discuss fully the various modes 
of formation of negative ions and the detacliment of electrons from negative 
ions. In the last chaj>ter there is a discussion of the probable part played 
by negative ions in such phenomena as glow discharges and the problems 
of the upper atmosphere. There is relatively little mathematics in the 
book ; the more detailed developments of wave mechanical theory are printed 
in small type and may be omitted without any loss to the gtmeral understand¬ 
ing of the theory. This is a very readable book and the author has succeeded 
in blending the theoretical and practical aspects of the subject into a 
consistent whole. 

S. R. T. 

A Text-book on Crystal Physios. By W. A. Wooster, M.A., Ph.D. 

[Pp, xxii 4 295. with 108 figures.] (Cambridge : at the University 

Press, 1938. 15s. net.) 

Db. Wooster has succee<led in compressing a very considerable amoimt of 
information into the 300 pages of this useful volume, which deals with the 
mechanical, thermal, electrical, optical and magnetic properties of crystals, 
and their relations to the structure. This has been aohieve<l jmrtly by the 
employment of tensor notation and partly by condemsing much of the des¬ 
cription of experimental methods to the bare essentials. In a work that is 
to serve as a text-book this condensation has drawbacks, but Dr. Wooster’s 
descriptions are lucid, and sufficient references to original works arc given 
to finable the student to find details elsewhere. It is also probable that few 
Courses in the newer universities will have offen^d the student sufficient 
formal crystallography for him to grasp easily the signihcanco of the tensor 
notation. But once he has accustomed himself to its use he cannot fail to 
appreciate its elegance and convenience, and Dr. Wooster is to be congratu¬ 
lated on an effort to increase its employment. Again the use of the iudicatrix 
is not usually familicu* to students other than those who read Mineralogy, 
and Chapter V on crystal optics may offer difficulties to the majority. But 
this chapter contains much valuable material, and corrects several inaccur¬ 
acies in existing text-books. For instance, the Reviewer was quite unaware 
of the incorrectness of the normal explanations of conical refraction. 

In general this text-book may prove difficult reading to many under¬ 
graduate students, but will certai^y be of great value to postgraduates who 
wish to study and teach crystallography. 

S. H. P. 


Farromagnetiam: Tba Davalopmant of a Gtoaral Equation to 
Magnatiam. By J. R. Askworth, D.Sc. [Pp. xiv 4- 97, with 
17 figures.] (London: Taylor A Francis, Ltd., 1938. 7s. 6d. net, 

not 12s. 6d. as stated in the Books Received List of the January 
Number). 

This book contains an account of experiments on ferromagnetism carried 
out by the author and published in the PhUotophkal Magazine and elsewhere 
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between 1897 and 1937. From his experiments the author draws a number 
of conclusions about the nature of the intramolecular field of Weiss and 
about other aspects of the theory. He does not, however, mention the 
developments which have followed the application of quantum mechanics 
to the problem of ferromagnetism, or the theory of “ domains which has 
been so useful in reconciling the high susceptibility with the large value 
of the Weiss field. Some of his ex|)erimental mat/erial, also, is hardly up 
to date ; his discussion of the change of resistance in a magnetic field does 
not mention any of the work carried out in the lost few years. 

N. F. M. 

Oa Understanding Physios. By W. H, Watson, M.A., Ph.D., F.R.S.C. 
[Pp. xii -f 148.] (Cambridge ; at the University Press, 1038. 7s. 6d. 

net.) 

This book is an attempt to interest physicists and scientists in general in 
the recent developments in philosophy known as logical positivism, and in 
particular, the work of Wittgenstein. 

The author first stresses the necessity for discipline in pliilosophy and 
concludes that its primary concern is with the logic of ordinary language. 
In a chapter on Metliods of Representation, Prof. Watson points out the 
danger of using spatial representations of time, resulting in the error of 
arguing about “ time’s arrow,” and thus neglecting the difference between 
linguistic possibility and physical (or logical) possibility (needless to say, 
this is the confusion underlying J. W. Dunne’s ” Serialism ”). Similarly 
the absurdity of calling an electron a ” wave ” is also dealt with, and there 
are some salutary remarks on the growing arrogance of mathematicians. 
It is difficult, however, to accept the view that the Uniformity of Nature 
is not a hypothesis about the world, but a statement concerning our method 
of representation. Here the logical positivists would appear to be pressing 
their views too far and betraying the fact that they are not active scientific 
researchers themselves. 

There are three important chapters on the Nature of Mechanism, the 
Logic of Substance and Motion, and Some Aspects of the Symbolism of 
Mechanics and Electricity, but they are difficult reading. The importance 
of scientists understanding the symbolic processes which they are continually 
employing cannot be too strongly urged, but one is left with the impression 
that this book could have been much more clearly written. 

G. B. B. 


Direct and Alternating Current Potentiometer Meaeuremente. 

By D. C. Gall, F.Inst.P. With a Foreword by S. Pahkbb Smith, 
D.Sc., M.I.E.E., A.M.Inst.C.E. Vol. TV of a Series of Monographs 
on Electrical Engineering under the Editorship of H. P. YotrNG. 
[Pp. xiv -f 231, with 109 figures, including 12 plates.] (London : 
Chapman and Hall, Ltd., 1938. 15s. net.) 

Hbhe is a timely book written by a man having long experience with poten¬ 
tiometers and their design in connection with a firm of instrument makers. 
About one quarter of the book is devoted to D.C. potentiometers. This 
part especially should be read by all physics students as well as by engineers, 
for it contains many useful hints regarding standard cells, galvanometeis, 
and the accuracy attained with various types of potentiometer. These are 
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also some very practical pages ou methods of constructing and adjusting 
resistance coils, and the gener^tl care of potentiometers, at the end of 
Chapter XII. 

Both co-ordinate and polar forms of A.C. potentiometer are described in 
detail, followed by their applications, including measurement of current, 
voltage and i)owor, incremental permeability and other properties of magnetic 
materials, as well as various miscellaneous uses. Actual numerical results 
of such measurements are given in many cases. References are appended 
to each chapter. 

It is a good idea to include a chapter on the representation of alternating 
currents by complex quantities, especially in connection with the co-ordinate 
potentiomeUjr, but whether the chaj>ter is in its best form is not so clear. 
Returning to on earlier ohapUir, there is evidently something wrong with 
Fig. 17, the control grid of the valve being loft disconnected, and the accom¬ 
panying description wants rewriting. The few other slips scattered about 
the book are easily correc^ted, and this is not the place to enumerate them. 

This authoritative work should bo accessible to all having occasion to uae 
potentiometers. 

F. A. V. 


CHEMISTRY 

Gtoelixui Handbuch der anorganischen Chemia. 8 . Auilage. 
Horausgegeben von dor Deutschon Chernischen Gesellschaft. (Berlin : 
Vorlag Chemio, G.m.b.H., 1937/38.) System-Nuinmor 22: Kalium, 
Lieferung 4 [pp. 128] RM. 15.~, Lieferung 5 [pp. 142] RM. 19.60; 
System-Niumnor 24: Rubidium [pp. 250] KM. 31.60; System- 
Nummer 25 : Cajsiuin, Lieferung 1 [pp. 104] RM. 12.~, Lieferung 2 
[pp. 164] RM. 21.76 ; System-Nummer 39 : Scltone Erden, Lieferung 
1 [pp. 122] RM. 14.26 ; System-Nimuner 63 : Ruthenium [pp. 124] 
RM. 16.60 ; System-Nummer 64 : Rhodimn [pp. 163] RM. 20.26. 

Last autumn German chemists celebrat<?d the 150th birthday of Leopold 
Gmelin, Bunsen’s predtMsessor in the chair of chemistry at Heidelberg 
University, who was born at Gottingen in 1788. Correspondence, portraits, 
and documents relating to him were exhibitini in Berlin, and his biography 
published by E. Piotsch in a small attractively illustrat/od pamphlet. By 
far the greatest tribute, however, was paid to the memory of this worthy 
chemist when the German Chomioal Society undertook the publication of 
a new edition of his famous treatise on Inorganic Chemistry. 

Leopold Gmelin himself saw his book through five editions ; two more 
had been published as the result of private enterprise, when, in 1922, the 
German Chemical Society decided to become responsible for on eighth edition, 
and appointed Pix)f. R. I. Meyer editor-in-chief, with power t-o select com¬ 
petent co-workers. To-day, tmder the leadership of his successor E. Piotsch, 
more than forty chemists, all specialists in the various branches of inorganic 
and physical chemistry, are permanent members of the “ Gmelin Staff.” 

The obvious question as to whether the result justifies this huge amount 
of labour and expense is easily answered if the Gmelin is compared with any 
other of the modem comprehemsive works on Inorganic Chemistry. On 
previous occasions reviews published in Soubnob Proubbss ^ attempted to do 
justice to the unique character of this monumental Gmelin edition. No need 

^ See, for example, 32, 168 (1987). 
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to refer again to ilie wealth of material, the reliability of the information 
given, and the clarity of airongemont. Let it sufBoe here to state that the 
later volumes, recently published, fully uphold the standard. 

It is a matter of great satisfaction to see that the originator of the scheme, 
Prof. R. I. Meyer, although forced by the ago limit to retire from his post 
as editor, has nevertheless continued to devote his time and effort to the 
work. He lias now contributed the first part of the volume on Rare Earths, 
thus returning to a field in which as a young man he won high distinction 
and is still considered one of the greatest living authorities. The complicated 
history of the discovery of the Rare Eartlis and the occurrence of their deposits 
—arranged in mineralogical as well as in geographical order—are described 
with the mastery which only a life-long interest in the subject can give. 

The group of alkali metals is nearing completion. Aft^^r the issue of these 
new volumes on potassium, rubidium and csesium, all that is missing is the 
description of a few compoimds of |K>tas8ium. At the end of the caesium 
volume eight pages are devoted to an account of the vain attempts to discover 
the highest homologue of the group, eka-caesium, and to a discussion of its 
presumable properties. 

The two volumes on ruthenium and rhodium, respectively, are the first 
dealing with metals of the platinum group ; their appearance will be greatly 
woloomod by industrial as well as research chemists. The history of the 
discovery, occurrence, and preparation of the six platinum metals has so 
much in common that, in order to avoid repetition, these topics will be dealt 
with conjointly in the volume devoted to platinum ; but the physical and 
chemical properties of ruthenium and rhodium, and their compounds with 
other elements—including the great number of complex salts—are oxliaus- 
lively dealt with in the two volumes under review. F A P 

The Fine Structure ol Matter. Vol. U of a Compreheneive 
Treatise of Atomic and Molecular Structure. Part III: 
The Quantum Theory and Line Spectra. By C. H. Douglas 
CJlabk, D.Sc., A.R.C.S., A.I.C., D.I.C. [Pp. Ixxii + 185, with 29 
figures.] (London: Chapman & Hall, Ltd., 1938. 15s. net.) 

This is but one part of a very comprehensive scries of books by the same 
author upon atomic and molecular structure. It is essentially an elementary 
introduction to the study of line spectra and the treatment is such, that the 
book may be expected to appeal to the chemist rather than the physicist. 
The orbital vector method is employed throughout, wave mechanical aspects 
being more or less neglected. This course has a definite practical viklue in 
a book of this nature which aims at an elementary survey. Mathematics 
is almost avoided, a few essential proofs bcung relegated to a lengthy appendix. 

The book is cleeurly writUm and well illustrated. FrcK|U6nt and effective 
use is made of data about multiplicities, intensities, etc., in brief tabular form. 
The rather comx>lex subject of multiplicity in atomic spectra is dealt with 
in a compact and concise manner. 

It is clear that the author has had the Periodic Table of the elements 
strongly in mind, and in fact the whole book may be regarded as leading up 
to a general spectroscopic treatment of the Periodic Table. In this oon* 
neotion the detailed treatment of the application of the Pauli ^ exciusioii 
principle is well done. 

Much more attention than usual is devoted, in a concluding chapter, to 
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the problem of valency, and to the chomiat and the general reader thia is 
probably the moat valuable sec.ion. It is an excellent feature. 

One or two criticisms can bo raised. Surprisingly enough, no mention 
is made, in the text, of hyporfine structure investigations in line spectra, 
although some papers upon this are quoted in the extensive lists of 
referenccB that are givcjn. In view of the elementary nature of the book, 
the number of these references is decidedly excessive. Although printed in 
small type, they occupy about one-eighth of the total space devoted to the 
rest of the tf)xt. Since the h^qx^rfine structure quantum number is now 
denoted by F, the use of this letter in other connections (see page 647) is not 
a happy one. 

This book will luidoubtedly be attractive to chemists who possess but a 
limited acquaintance with sjx^ctrosoopy. 

S. Tolansky. 

Solventa. By T. H. Durrans, D.Sc., F.I.C. Vol. IV of a Series of Mono¬ 
graphs on Applied Chemistry \mder the Editorship of E. Howard 
Tripi*, Ph.D. Fourth edition. [Pp. xviii -f 238, with 4 figures.] 
(London : Chapman & Hall, Ltd., 1938. 16<r. net.) 

A BOOK which has gone through four editions since 1930 requires very little 
comment. In the now txlition 33 extra pages have been added and the price 
increased from 108. 6d. The importance of organic solvents in the cellulose 
lacquer industry grows apace, an indication of which is contained in the 
numerous new references to spocifications of the British Standards Institution 
and the American Society for Testing Materials. 

A welcome addition is tlie extension of the chapter on toxicity. Since 
the publication of the third edition a valuable book on the toxicity of industrial 
organic solvents, giving summaries of published work, has been compiled by 
Dr. Ethel Browning under the auspices of the Medical Research Board. Some 
of its main conclusions have been incorporated in this chapter, but no direct 
reference to their source has been mafte. In view of the fact that the previous 
list of references to toxicity has been omitted it rather looks as if this is due 
to an oversight. 

M. B. Donald. 

Crystal Chemistry. By C. W. Stillwkil, Ph.D. International Chemi¬ 
cal Series. [Pp. x 4 431, with 72 figures and 1 folding plate.] (New 
York and London : McGraw-Hill Publishing Co., Ltd., 1938. 268. 

net.) 

SiNOR the discovery of X-ray interference by von Laue there lias accumulated 
an enormous amoimt of material on the structures of crystals whioh has led, 
not only to results of immediate importance but also to the formulation of 
fimdamental principles of a general nature. This new science of Crystal 
Chemistry is an essential complement to the work of the chemist, and it is 
imperative that he should be acquainted with its achievements and its possi¬ 
bilities. It is obvious that a simple and accurate account of work in this 
field would fill a very real need and make a wide appeal. One turns therefore 
with high hopes to this volume on crystal chemistry, especially when the 
author states in his preface that his main purpose is to present the broader 
aspects of this relatively new branch of chemistry in as simple a fashion as is 
consistent with accuracy. There is no doubt that this book does contam a 

3e 
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great deal of useful and accurate information, but unfortunately it lacks 
balance. The pages allotted to the various subjects show this. Fibres 
are given 68 pages, the structure of organic crystals 14 pages; 98 pages 
are allotted to metals and alloys euid but 16 pages to silicates, in spite of 
the author’s statement (p. 286) that “ the greatest single accomplishment 
of crystal chemistry has been the systematisation of silicate minerals.” 
In the chaptt^r on organic crysteds very little atttunpt has been made to discuss 
the subject in a comprehensive way from the stereochemical point of view 
and in the case of Wermer’s complexes (to which 16 undistinguished pages 
are given) the stereochemical considerations have boon ignored. Tlie book 
could have been more critical with advantage, for one finds tins phrase ” it 
is said ” placed indiscriminately before statements which command universal 
agreement and those which have only the most slender support. Again 
there are frequent signs of careless writing, €.g» “ The glass and zeolite struc¬ 
tures are very similar. They differ fundamentally ...” (p. 306). The 
treatment in detail, os in the general plan, is uneven. Work done in 1987 
on one aspect of a subject receives full discussion, whereas on an equally 
important aspect nothing since 1930 will l)o mentioned. The organic 
chemist does not write the structural formula of cellulose as shown on 
p. 363 and it is misleading to convey the impression on p. 368 that inter¬ 
atomic distances in cellulose can be foimd to 0*01 A. However, whilst it 
is very difficult to write the ideal book on crystal chemistry it is easy to 
criticise the attempt of others. The reviewer, however, would venture the 
constructive criticism that if the book were reduced to lialf its size and 
provided with more and better diagrams of crystal structures it would better 
achieve the main jmrpose which the author has in mind. Nevertheless, it 
does reveal to chemists the power and the versatility of X-rays methods and 
thereby fulfils an important mission. ^ ^ 

Organic Chemistry. Vols. I and II. Henry Oilman, Editor-ih-Chiof. 
[Vol. I : pp. vi 4' 867 4* Ivi; Vol. II; pp. vi 4- Ivi os in VoL I, 
and 868-1890; with numerous figures.] (New York: John Wiley 
& Sons, Inc.; London : Chapman & Hall, Ltd., 1938. 37s. 6d. net 
each volume.) 

It is a well-known fact that those who ore best able to write text-books on 
organic chemistry seldom do so. It is not a subject which lends itself to 
adequate treatment by an armchair chemist, and those most competent to 
write prefer to work in their laboratories. There comes a time, however, 
when for mere convenience it is worth while to write up a subject and present 
the student with the result. This is evidently what Gilman has decided, 
and in order to escape the boredom which cannot be dissociated from writing 
a book, he has looked round for colleagues. As a consequence, the new 
” treatise ” is a series of monographs written mostly by well-laiown American 
chemists, and English-speaking people will welcome it wholeheartedly. It 
has the usual perfect set-up of a Wiley production and is a pleasure to handle 
quite apart from its contents. Tliese rather take the breath away, so vast 
is organic chemistry to-day, and the only way to talk about the b^k is to 
take it chapter by chapter. 

The account of alicyclic compounds is restrained and sufficient. That on 
aromatio-oharaeter is written by Fiesar. He is an authority on the subject, 
and we find in this chapter what we should expect. Perhaps the directive 
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effect of groups in aromatic compounds could have been given more attention. 
The Ingold-Robinson theory gains faint praise and so perhaps misses 
salvation ; but essential references are given which would enable a reader 
to find out more about ‘‘ an elaborate electronic theory of organic reactions 
which has gained wide acceptance in England.'* There is an interesting and 
balanced account of group-migration. Many facts are mentione<l which 
show that the subject is far from being “ finished.” I was surprised to find 
that what we call ” current electronic theories ” are not accepted in the 
United States* and hope the author will pick a few more of the locks for wliich 
he thinks there is no master-key. If this means an ” open door ” policy in 
chemical thought it will be all to the good. It is interesting to find Dr. 
Fiescr indifferent to rather than critical towards our own views and to find 
that he regards the Pfeiffer-Wizingor (1928) theory of aromatic substitution 
as the most promising. 

The account of stereochemistry, written as it partly is by Koger Adaras« 
must necessarily be good. There is little time wasted on historical intro¬ 
ductions : the authors get down to their difficult task, evidently taking the 
view that it is more important to say what is now known to be right than 
to say what is now known to be wrong. The general scheme is excellent and 
only minor points need to receive comment. The rate constant given for 
raoemisation is really that for complete inversion. The statement that 
” biphenyls can bo much more easily resolved than ordinary substances 
containing asymmetric carbon atoms ” is a curious one, and some of us might 
have put ” less ” instead of ” more.” What is called the ” equilibrium 
method of resolution ” is really asymmetric transformation. This subject 
might have been given mon^ attention. 

Organo-metallic compounds an? dealt witli by Gilman himself. No one 
knows more than he does ulK>ut this subject and he surveys it admirably. In 
the chapter on free radicals more might liave boon said in warning the novice 
against free radicals as an oscajjo from precision of thought in explaining 
mechanisms. Under ” Unsaturation and Conjugation,** adequate references 
are given to the chief workers in different countries. The authors have made 
an interesting chapter out of what can be rather tiring material. ” Open 
Chain Nitrogen Compounds ** are well classified and described. 

In ” Molecular Rearrangements,” mi attempt has been made to present 
the opposing theories fairly. More examples of different types might have 
been mentioned—^for instance, Chapman's work on imino-ethers is omitted. 
Adkin*8 chapter on *‘ Comparison of Chemical Reactivity ” has evidently 
involved much clear thinking and will bo appreciated by anyone who is 
interested in the kinetics of oiganic chemical reactions. 

Volume II begins with a good general account of the ” natural amino 
acids ** and after that Dr. Treat B. Johnson deals fully with pyrimidines, 
purines and nucleic acids. Here comes aneurin. 

The fact tliat in leas than 100 pages the writer of the chapter on alkaloids 
mentions almost all the important bases shows that no detail can bo given. 
The account is, however, up-to-date and includes biogenetio syntheses. Now 
that the chemistry of anthocyanins has been so perfected, the chapter on this 
subject is shorter than it might have been ton years ago. It can bo road with 
intmst and understanding. 

Carotenoids receive 80 pages sterols, bile acids, cardiac agluoones and sex 
hormones, 178 pages. Carbohydrates are dealt with in throe chapters. The 
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first (77 pages) is a 6o^ln€l treatment of mono- and di-saccharides. The second 
(58 pages) is a useful aooount of derivatives of sugars; ascorbic acid and 
fermentaticms find their place here. The third section (50 pages) is mainly 
about cellulose* and this is a sound piece of work. 

Electronic Theory provides a very well-planned chapter. The work of 
Ingold) Robinson and Sidgwick is fully reported. Both the static and the 
kinetic sides of the subject are gone into. The author devotee only 6 pages 
to tautomerism. It certainly cannot be said of him that ho does not permit 
his readers to see the wood because of his ingenuity at afforestation. I 
should like to have this chapter as a separate volume and keep it with my 
two Sidgwicks. 

Constitution and Physical Proi>ertie8 are treated und(?r the two headings : 
physical properties which do and those which do not lead to determination 
of structure. No attempt is made to elaborate detail) but nothing funda¬ 
mental appears to have been left out. 

It is perliaps surprising to find 70 pages devoted to “ rotatory dispersion*** 
but the chapter contains much that would in most books have gone in tmder 
general stereochemistry. It deals excellently with the origin of optical 
activity and with the correlation of constitution with optical activity. The 
Walden Inversion is dismissed in 3 pages. This is almost prophetic. 

The last chai)ter is by Pauling, on resonance, the nature of the chemical 
bond and the structure of molecules. This is a fitting end to an excellent 
advanced treatise, and 1 have no doubt that many j^eople will, like children, 
read the leu^t chapter first. 

E. E. Tubnbr. 

A Brie! Introduction to the Use of Beiletein’s Handhuoh der 
Organischen Cheznie. By E. H. Huntress, Ph.D. Second 
edition. [Pp. x 4- 44.] (New York : John Wiley & Sons, Inc.; 
London : Chapman A Hall, Ltd., 1938. 6s. net.) 

This volume is essentially the same as the first (xlition published in 1930, but 
contains extra matter dealing with all the 27 volumes, and the corresponding 
supplementary volumes, of Beilstein's Haruihuch. A brief explanation is 
thus given of the system adopted for classifying aromatic and heterocyclic 
compounds. Careful study of Professor Huntress's book will materially aid 
beginners in the use of Beilstein, and more experienced workers will probably 
find it useful at times. It is always worth while to have something one can 
read in one’s own language, and Dr. Huntress has made a good job of his 
attempt to make Beilstein quicker at yielding up its information. I think 
all libraries that have the Handbuch should have the Brief Introduction, 
which I feel would bo more likely to be used if it hod the same page sise as 
the German work so that it could stand on the same shelf as the latter. It 
needs a stronger cover, 

E. E. TuBinDB. 

Agricultural Analysis : A Handbook of Methods, excluding tboee 
for Soils. By C. H. Wright, M.A., F.I.C, [Pp. x -f 348, with 
8 figures.] (London: Thomas Murby A Co., 1938. 15s. net.) 

This is a companion volume to the author's work on soil analysis. It deals 
with the analysis of fertilisers and feeding stufEii, including milk and milk 
products, os well as with insecticides and fungicides. Tlie book is an excellent 
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relermoe volume for use iii laboratories, where occasional samples of different 
If3^pes of these materials liave to be dealt with as well as in routine laboratories. 
The author has adopted the principle of first discussing briefly in each section 
the possible methods, including those coming under Official Regulations in 
tliifi ooimtry, those agrcHnl upon by various committees set up for the purpose 
by such bodies as the Society of Public Analysts, methods adopted in America 
by the A.O.A.C., iw well as other appropriate methods, and of then setting 
out in full detail certain of those methods. To some extent this involves 
what may appear to be useless repetition, but the procedure serves a useful 
purpose in enabling a worker to select the method most suited to his own 
piLPpose. The constituents, for the determination of wiiiirh methods are 
given, are by no mcmixs (ionfiiiod to those which come imder Official Regula¬ 
tions but cover a miujli wider field. The value of the book is oiilianced by 
the references given to the original publications. A brief account is given, 
at the end, of the more commonly required solutions for volumetric analysis 
and their preparation together with notes on a few indicators. The book is 
well printed in clear type, appears to be remarkably fnn^ from errora, and 
contains g(X)d author and subjixjt indexes. The book should be of value 
to those workers, particularly overseas, who do not have ready ac^eess to a 
well-stocked library. 

W. Godden. 

British Chemical Industry : Its Rise and Development. By Sir 

Gilbert T. Morgan, O.B.E., D.Sc., Sc.D., LL.D., F.K.S., and David 

Doio Pratt, M.A., Ph.D. [Pp. xii 4- 387, with 32 plates and 79 

figiu> 08 .] (London : Edward Arnold & Co., 1938. 21«. net.) 

This book incorporates the substance of a series of Public Lectures delivered 
some three years ago. The subject matter is arranged in sixteen chapters 
and, as far as x>o8sible, in such a manner that each chemical manufacture 
is grouped with the naturally occurring raw material on which the trade 
depends. The wide scope of the book will bo seen from the titles of those 
oliapters, viz. Salt; Sulphur ; Sand, Clay and Limestone ; Industrial Gases ; 
Selected Metallurgical Processes ; Borax and Phosphate ; Paints and Pig¬ 
ments ; Oils, Fats and Waxes ; Cellulose ; Coal; Oil, Shale and Petroleum ; 
Explosives ; Dyestuffs and Intermediates ; Plastics and Rubber ; Industrial 
Solvents ; Fine Chemicals. Bach section has been compiled in consultation 
with experts in the branches of technology concerned, and a glance at the 
names of these collaborators is sufficient to indicate at once the authority 
which lies behind this fascinating volume. This is no mere catalogue of 
manufacturing procesaos, but a skilful blend in whioli scientific and technical 
details, historical development, and economics are each given their share 
of attention. Without such a combination it is not possible to view British 
chemical industry in the right jx^rspeotive, and the fact that this essential 
has been so well appreciated by the authors endows the book with much 
of its value. Thus, to those readers, who may have tended to regard the 
industry as a series of more or less water-tight compartments, the inter¬ 
relation and inter-dependenoe of its various branches is made clearly apparent. 

It is perhaps not surprising that one should be tempted to criticise here 
and tliere the particular emphasis laid on the different aspects of the subjects 
treated. For instance, in the section on explosives, the well-merited tribute 
to individual members of the Staff of the Research Department, Woolwich, 
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might with advantage have included aome refemice to the work of those 
who were responsible for the actual production of explosives on such an 
unprecedented scale in the Great War, the work of whom contributed in so 
large a measure to the development of our chemical industry on its present 
scale. The book provides, however, an excellent picture, not only of the 
ramifications of this industry, but ali^ of what it moans to the welfare of 
the nation as a whole. 

H. W. Crkmxir. 

^Asphalta and AUiad Subatancea. By Hbrbicrt Abraham. Fourth 
edition. [Pp. xxiv -f 1491, with 333 figures.] (Now York : D. van 
Nostrand Co., Inc. ; London : Chapman & Hall, Ltd., 1938. 
69s. net.) 

As compared with the third edition, which was published in 1929 and reprinted 
in 1932, the fourth edition of this “ asphalters' bihlo shows an increase of 
331 pages of text, and references to patents and to general literatiire are greatly 
enlarged ; and as there is an acknowledgment of assistance in the first 
edition, and there is none in the third and fourth, the personal activity of the 
author has been prodigious. 

There are no new sections, but there is a great expansion of existing ones 
and a small amoimt of rearrangement and promotion consequent on this 
inerease of collected matter. We find, too, fully developed, the typically 
American desire to present the subject in its compleU^ aspect from start to 
finish, so that much space is taken with descriptions and diagrams (many 
from the 1929 edition) of the distillation of petroleum and of coal and shale, 
and the refining of products. This seems to duplicate much information 
found in other books with no advantage except that a limited amount of such 
information is included within one pair of boards. This is, of course, a matter 
of opinion, but it is worth referring to because so much space might liave 
been used for more immediate “ asphaltic ” advantage, such as the graphs 
of properties which have appeared only in an earlier edition, and a greater 
expansion of the account of emulsions to be mentioned again later. 

We note in jmssing the compliment paid to Bpielmann and Hughes' 
A$phaU Roads (1936) in the reproduction of the two illustrations associated 
with Boeton asphalt. And we gravely doubt whether Sir Walter Raleigh 
was really describing the “ so-called ‘ Pitch Lake ’ ” in his famous lines about 
the Tierra de Brea. 

Somewhat disappointing is the treatment of Emulsions, which have grown 
in importance to a greater degree than is shown by the increase of only four 
partly rewritten ]:iage8. There is no scientidc discussion of the crucial 
matter of their behaviour with mineral matter. Only two American stability 
tests are mentioned, which are strongly opposed in this country, and there is 
no mention of the English Lability Test; in fact, one would gather that only 
America and Germany have doite any work on the subject. 

There is serious criticism to be made in connection with the organisation 
of references and indexes. In this matter there are two schools of thought* 
The one is, that all references should be in one continuous numbered series, 
so that any one sought for may be found without the delay of having first 
to find the correct group of references (in the present case there are 37 of them). 
On the same grounds, name and subject indexes should be combined, so theie 
is only one Index to be searched. And the names should be linked with the 
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page in the book on whicsh the associated work appears and with the detailed 
number in the bibliography. The only drawback in this scheme is an absence 
of reforenoos collected by cliaptor ; but even this is not iusunnountable. 

This volume is an example of the second school of thought, with added 
disadvantages of its own. The Bibliography is good and full, but it is divided 
into sections, (A)-(J), which have no relation to the divisions of the book. 
“ References ” are collated according to chapters and collected together at 
the end of the book, which has its obvious advantage, but greatly prolongs 
a search. The great defect is that there is no Name Index, so that it is only 
with great labour that it is iKXisible to ascertain whotlMjr So-and-so has 
written or been quoted in connection with any particular subj<Kjt. 

Now that those matters for citicism have been considerenl, we can express 
our warm praise and admiration of this tremendous accumulation of facta, 
with apparently complete freedom from error. This edition has entrenched 
the book still more firmly in its unrivalled position in the asphalters’ library. 

Percy E. Sptelmann. 

The Principles of Motor Fuel Preparation and Application. 

Vol. I. By A. W. Nash, M.Sc., M.l.Moch.E., M.I.Chern.E., F.C.S., 

F.Inst.Fuel, and D. A. Howes, D.So., M.I.P.T. Second edition. 

[Pp. xiv -h 628, with 173 figures, including 16 plates.] (London : 

Chapman & Hall, Ltd., 1938. 36«. net.) 

It is now four years since Volume I of this treatise was published. Its 
immediate and great success was shown firstly by the unanimous approbation 
of the reviews it received, secondly by its appearance on the reference book¬ 
shelves of practically every organisation which was in any way connected 
with the petroleum or motor transport industries, and now thirdly by the 
call there has been for a second edition. Such a sucoess must have been 
very gratifying to the authors and to their publishers, and it will be equally 
pleasing to the wide circle of readers who have had cause to refer to the 
book for some item from the enormous store of information it contains. 

It is hanlly necessary to recapitulate in detail the main contents of this 
work. Briefly, it deals with every aspect of the production of fuel for the 
spark-ignition motor (testing and analysis are dealt with in Volume 11) 
from the distillation of the crude oil and the stripping of gas and cracking 
of heavy oil which together give us our raw fuel material, tlirough the stages 
of refining treatment to the final storage and distribution. The production, 
properties, uses, advantages and disadvantages of alternative volatile fuels 
such as benzole, alcohols, shale spirit, hydrogenated coal spirit and other 
synthetic materials are each dealt with with equal thoroughness. 

Even in the short time of three years, however, great advances have 
taken place in the petroleum industry, and it has been necessary to incor¬ 
porate these in the new edition by extending and modifying some chapters 
and adding new ones. The development, for example, of the catalytic 
polymerisation processes which convert gaseous olefines (hitherto waste 
by-products of the cracking operation) into motor fuels of high anti-knock 
quality and even into super-high-octane aviation fuel has necessitated an 
entire new and lengthy chapter. The alternative “ pyrolysis ** processes 
which by non-oatal 3 rtio methods have also successfully utilised the waste 
gases of the petroleum industry for the manufacture of high-grade petrol 
also receive their due share of description, and this new chapter ends appro- 
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priAtely with a general comparison of the alternative methods now available 
for the production of synthetic gasoline from petroleum gases. 

While this section is the most prominent addition to the first edition^ 
almost every chapter has been brought up to date by the addition of new 
material. Only one section in which much new knowledge has been acquired 
in recent years seems to have been overlooked, for the latest reference in 
the bibliography of natural gasoline is 1930, and the ext/Cnsive work of 
recent years on the methods whereby greater quantities of stable natural 
gasoline can be incorporated in motor spirit without increased risk of vapour 
lock and with great improvement as regards starting and warming up, has 
not received the attention it deserves. 

No book, however, is perfect, and with such a high general standard it 
is ungracious to cavil at details. Wo can congratulate both the authors 
and their public on the advent of this new edition, and hope that the suc¬ 
cessor to Volume II will appear in due course. 

J. B. Thole. 


GEOLOGY 

An Introduction to Geology. By A. E. Trueman, D.Sc., F.G.S. 
[Pp, X -f 268, with 133 figures.] (London : Thomas Murby A Co,, 
1938. 4s. net.) 

Prof. Trueman’s enthusiastic advocacy of the teaching of geology in schools 
has prompted him to write this book for their use. He has aimed at intro¬ 
ducing the reader to an outline of the whole subject, and accordingly we 
find that the book embraces the principles of physical geology, of structirral 
geology and of stratigraphy. The last of these is a most welcome feature 
and is admirably done. But the necessity of introducing a large amotmt of 
descriptive matter makes the whole treatment condensed, and one fears that 
the very brevity in such subjects as mineralogy, petrology and palaeontology 
will almost vitiate the value of these chapters. 

The treatment of physiographic processes and their effects on and rela¬ 
tions to the landscape me^es a useful introduction to the subject for geography 
students ; but the strictly geological significance of the present-day processes 
as a key to the interpretation of the past is often missed ; and the reviewer 
feels that the hypogene processes amd igneous petrology receive but scant 
attention. Perhaps this is because these aspects of geology are not so eeusily 
illustrated in this country and also require a type of study that is beyond 
the scope of a school curriculum. Certainly Prof. Trueman has endeavoured 
throughout to show ways in which the schoolboy can acquire first-hand 
contact with the geological phenomena under discussion. 

“ The arrangement of the sedimentary rocks *’ is dealt with fully, but 
both the relation of this to earth movements and the geological interpretation 
of mountains are hardly touched upon. 

Chapter XV on Some Applications of Geology ” might well have laid 
more stress on the present unsatisfied demand for professional geologists. 

The book is written partly for the schoolboy or girl and partly for 
the teacher, for one of its aims is to indicate ways in which geology can 
be taught in schools. This makes the treatment a little uneven: never¬ 
theless, the book should stimulate interest in this scienoe by its comprehen¬ 
sive treatment of the subject, and particularly by the stress it lays <m the 
geological interpretation of scenery and on stratigraphy, that branch of 
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geology without a knowledge of which no true conception of geological 
time can be acquired. 

L. J. W. 


BOTANY 

Sixty Year* of Botany in Britain (1875-1935) ; Impreaaiona of 
an Eye-witneaa. By F. O. Bower, 8c.D., LL.D., F.R.S. [Pp. 
xii -f 112, with 14 plato«.] (London: Macmillan Co., Ltd., 1938. 
10 ^. 6d. net.) 

Some sixty years ago the “New Botany “ came into being in this coimtry. 
The pioneer work of Hales, Grew, Brown, Griffith, and other British botanists 
together with the work of the groat Continental botanists was, if known, 
unheeded and hod no effect on the teaching in the imiversities : taxonomy 
was supreme and its loaders had no sympathy with the wider outlook. 
Henfrey by his translations and writings tried to effect a reformation and 
failed. 

The Education Act of 1870 introduced the teaching of science in the 
National Schools, but the provision for a time was hardly effectual since there 
were too few properly qualified teachers. This dearth led to the founding 
of the Normal School of Science (now the Royal College of Science) with 
Huxley as Dean : his hands were free and he organized the best general 
training in Science yet devised. 

Hitherto, Botany had its place mainly in the preclinical training of 
medical students; its teaching was by lectures at best illustrated by dia¬ 
grams, detached plates from such works as Curtises Flora Londinensis, by 
preserved plants and sometimes living material. The only practical work 
was the disseotion of flowers during the lectures, and sometimes the students 
were taken into the field. 

Huxley at the Normal School of Scionoe changed all this ; great emphasis 
was laid on laboratory work and the student became an active investigator 
rather than a passive listener. The work of organising the botanical side 
of the biological course was entrusted by Huxley to Thiselton Dyer. Thus 
British Botany was inoculated and the leaven worked ; students were enthusi¬ 
astic and the spirit of investigation became so engrained that (some forty 
years ago) a student would deny having knowledge unless ho had actually 
worked at the problem. 

Professor Bower, the doyen of British botanists, was Dyer’s demonstrator 
in the occasional Summer Courses at South Kensington ; for two years he 
was assistant to Daniel Oliver at University College, London, and was 
entirely responsible for the laboratory work ; and in 1882 he wets appointed 
lecturer at the Normal School of Science. He thus played a happy part in 
introducing the “ New Botany “ to Britain and in the autobiographical 
part of the volume under review he gives a most interesting aoooimt of his 
impressions during the period. The picture is completed by a number of 
biographical sketches, illustrated by excellent portraits, of Huxley, Thiselton 
Dyer and Vines, who took the leading part in the renaissemoe, and of Marshall 
Ward—the first fruit of the New Botany—Bayley Balfour, Scott, Francis 
Darwin, and others who by their teaching and research stimulated the develop¬ 
ment of the subject. Of these sketches, that on Vines is the best. 

The book ends with a chapter on the Morphological Kaleidoscope and a 

summary entitled Past—Present—Future. 
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Prof. Bower hm written an engaging book which will appeal to all who 
are interested in the subject. For my own part, here and there I wished for 
more, but there is an art in omission, as Sam Weller said “ she’ll vish there 
wos more, and that’s the great art o’ letter writin*. ” 

T. G. H. 

Plant Ecology. By J. E. Weaveb and F. E. Clements. Second edition. 
[Pp. XX -f 601, with frontispiece and 271 figures.] (New York and 
London : McGraw-Hill Publishing Co., Ltd., 1938. 30s. not.) 

The first edition of this work was published in 1929, since when the extent 
of our knowledge in this field has considerably increased. This is reflected 
in the addition of some 83 pages to the text and over 400 references to the 
bibliography. The latter now comprises 1,036 citations. The most impor¬ 
tant increment is that concerned with conservation of soil, of water and of 
wild life. Despite these additions the present work is actually slightly 
thinner than the earlier volume and but very little heavier. It is satisfactory 
that the call for a new edition has afforded the authors am opportunity for 
incorporating recent work and bringing the text up to date. Those who 
require a general amd not too detailed account of the subject will find this 
a useful text, which contains also practical advice as to methods of study, 
whilst the extensiv^e bibliography will serve as a guide to further reading. 

E. J. S. 

Harbalfl : Their Origin and Evolution. By Agnsb Arbeb, M.A., 

D.Sc., F.L.S. Second edition. [Pp. xxiv -f 326, with 27 plates and 
131 figures.] (Cambridge : at the University Press, 1938. 21a. net.) 

The first edition of this work published in 1912 has been out of print for some 
years and had become a scarce item in the second-hand book market. It is 
therefore with great pleasure that we welcome a new edition of this classical 
work on a subject which touches so many fields of interest. 

Whether we are attracted by herbals, because of the part they played in 
the history of medicine ; because they represent some of the earliest efforts 
towards the scientific study of plants and embody the beginnings of botanical 
classification ; or by reason of the record they afford of the evolution of tlie 
delineation of plants, we shall find in these pages a scholarly and pleasing 
presentation of the relevant facts. 

The period mainly dealt with is that of the printed herbals fn>m the 
incimabula, such as those of Bartholomieus Anglious (1472) and the well* 
known Ortus danitatis (1491), to the English herbals of the later half of the 
seventeenth century of Cole (1656) and Turner (1664). 

The author devotes a chapter to the “ Doctrine of Signatures and Astro¬ 
logical Botany,” which is introduced with the remark that ” it may be well 
to call to mind the existence of more than one backwater, connect^ indeed 
^with the main channel, but leading nowhere.” To the latter statement we 
would, however, demur, for the doctrine of signs illustrates peculiarly the 
value that may accrue even from a false hypothesis when honestly held. 
That many did honestly believe in the doctrine of signs there can be no doubt 
and it is probably difficult to overestimate the importance for the studjyr of 
plants of the meticulous observation which the search for these ”signs” 
produced. 

Not only by her text, but also by the numerous and weU«ohosen illustra* 
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tioiiB, Mrs. Arbor enables her readers to apprehend alike the interest and 
artistic achievement of these early writers and to possess something of the 
essence of the horbals even if we cannot afford their substance. 

E. J. S. 

Pathologle der PfLansemseUe. Tail II: Pathologie der Plaatidan. 

By Ernst KOster. Protoplasma-Monographien, Band XIII. [Pfi. 

xii '} 152, with 91 hgim^s.] (Berlin : Gebriidor Bomtraeger, 1937. 

RM. 16.~ bound.) 

Prof. Kt^STBR is well known as the leading authority on the structure of 
plants exliibiting |>athological conditions. The prt^sent volume is the second 
part of a comprehensive review by him of the pathology of the plant cell, 
the first port of which, dealing with the pathology of the protoplasm, appeared 
ton years ago. In the volume now under review, the pathology of plastids 
is dealt with in two chapters, the first being concemod with changes in the 
shape, the second with changes in structure of different kinds of plastids 
under a variety of conditions prtKlucing pathological effects. Wliile the 
chromatophores of algae figure largely in those considerations information is 
also presented with regard to the plastids of mosses and higher plants. 
Changes in colour of plastids are dealt with in a short appendix. 

This little book, written by a master of the subject, will be of interest 
both to anatomists and physiologists interested in the plant cell. The 
subject matter is clearly arranged and is illustrated by a wealth of exception¬ 
ally good illustrations, many of them original. The book is provided with a 
useful bibliography of about 250 references and with adequate subject and 
author indexes, while it is produced in the attractive style now familiar to 
readers of Protoplasma monographs. ^ g 

Forast Pathology. By John Shaw Boyce, M.A., M.F., Ph.D. American 

Forestry Series. [Pp. x 4” 600, with 216 figures.] (Now York and 

London : McGraw-Hill Publishing Co., Ltd., 1938. 30s. net.) 

The publication in the U.S.A. of two important text-books on forest pathology 
within eight years is evidence of the increasing interest wliich is being taken 
in the welfare of forest trees. America has indeed suffered severely in recent 
years as a result of tree diseases, particularly from those caused by fungal 
parasites of foreign origin, which have wrought great havoc in the native 
trees—blister rust has threatened the existence of the valuable white pine, 
chestnut blight has practically wiped out the American chestnut, and now 
a very expensive campaign is beu^ waged against the recently introduced 
Dutch elm disease to which the American elm is highly susceptible. Prof. 
Boyce's book deals comprehensively with the various diseases to which 
forest trees, both coniferous and broadleavod, are liable. He classifies these 
diseases according to the part of the tree which is affected, e.g. root, foliage 
and stem diseases, and there are separate chapters on seedling diseases and 
on diseases caused by flowering plant parasites such as mistletoe. Estimates 
are given of the amount of damage causcKl by the principal diseases, and 
measures for their control are indicated where these are feasible. While 
the book deals primarily with American conditions, the author makes many 
references to European problems and has surveyed very fully all the available 
literature. His book will be an indispensable guide to students and a most 
useful reference book to research workers in this field. The concluding 
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chapters deal with the deteiioratioix of felled timber in storage and of wood 
used for oonstruotional purposes, cuid with the general principles of forest 
disease control; while m one of the appendices is given a very useful list 
of the common names of American trees with their equivalents. The 
numerous illustrations are well reproduced and the general get-up of the 
book is very pleasing. W. P K F 

ZOOLOGY 

Ganmutation. I: AUgemaixier Tail. By Hans Stubbk. Handbuoh 
der Vererbungswissenschaft, herauRgegeben von E. Bear und M. 
Hartmann, Vol. II F. [Pp. iv *f 429, with 90 figures.] (Berlin : 
Verlag von Gebriider Bomtraoger, 1938. RM. 60.~ Subscription 
price : RM. 48.-“) 

The preface explains that this volume, entitled “ General Part. ” is to be 
followed by a “ Special Part ” which will contain among other matter a 
systematic list of mutationR. Genetics is a science evolving so rapidly that 
the frontiers of its various parts are still very ill defined. A discnission of the 
subject matter included under “ Gene Mutation ” in its wide sense would 
encroach on almost every branch of genetics. The aut hor has therefore had 
to limit his scope in a manner often quite arbitrary, and as a result the syllabus 
of his work might appear strange to some readers. It includes, for example, 
such subjects as the evolution of dominance, incomplete roalisation of factors, 
and the theoretical segregation of autopolyjdoids, whereas chromosome 
aberrations are only mentioned in connection with position effect. 

The book starts with a survey, in historical order, of reported oases of 
mutation, beginning with the year 1690. Following this is a discussion of 
the gene concept and of the properties of mendelian factors, winding up 
with unstable genes and multiple allelomorphs. The remainder, almost 
one-half of the book, is devoted to a quantitative consideration of mutation, 
and by far the greater portion of this section conoems itself with mutations 
produced artificially. The review of this only ton-year-old, but already very 
extensive subject is particularly excellent. The last pages discuss the physics 
of the action of high frequency radiation, the magnitude of the target region 
of individual mutational steps, and, based on these, the various attempts to 
estimate total gene number and gene siste. 

The author states that he has reviewed the literature up to the middle of 
1937 ; he has done more than this, for the most reoent developments are 
most thoroughly assimilated, and the whole work is really up to date. But 
a reader not already familiar with the subject will not find it easy to dis¬ 
criminate among the wealth of information presented : the author’s attitude 
to indifferent work is philosophical rather than oritioal. 

This excellent work has 90 illustrations, and contains a bibliography of 
well over 1,000 titles, arranged under chapter headings. There is no irulex— 
a deficiency partly remedied by a classified list of contents at the beginning. 

A. C. F. 


Tha Meamirammt of Linkage in Heredity. By K. Mathbb, Ph.D. 
Methuen’s Monographs on Biological Subjects. [Pp. x 182.J 
(London: Methuen k Co., Ltd., 1938. 4s. net.) 

Bmwonm the rediscovery of Mendel in 1900, and indeed sind^ that date in some 
quarters, heredity was spoken of as a force.” According to Qalton even, 
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it was a force whose determinate action, operating equally on all members 
of a family, could be calculated acjcording to a simple arithmetical law. Now 
we know tliat all differences inherited by sexual reproduction are particulate 
or atomic. This principle carries with it the consequence that the cliaracter 
of an individ\ial offspring of a parent which is hybrid or heterozygous for a 
heritable difference cannot be predicted with certainty. Every such parent 
produces two kinds of gametes, and it is a matter of chance which of these 
kinds shall give rise to a jmrticular offspring. Furthermore, any collection 
of such offspring must be a sample of a {)opulation arising by a series of such 
cltances. 

To many biologists the admission of probability instead of certainty was 
no less distasteful because its mathematical consequences were unforeseen. 
But, willy nilly, we now have to admit that all analyses of populations which 
take into consideration (as they usually need to) the inborn differences of 
individuals depend for their rigour on statistical treatment. This is true 
whether the analysis is carried out on the progenies of mendclian breeding 
or of darwinian selection ; while for the study of uncontrolled human heredity 
it is the key of the whole problem. 

Dr. Mather’s book is an account of how to deal with all the possible 
combinations of mendclian and post-mendclian behaviour that are implied 
by the chromosome theory of heredity. The title of the book give>H an 
inadequate notion of its 8oof)e, for reasons we have just seen. The theory 
of sampling, the measurement of heterogeneity and the method of maximum 
likelihood which Dr. Mather explains for his special purpose and with special 
examples are the basis of all statistical treatment in biology. 

It may bo said tliat it is imnocessary for every one who is to solve important 
biological problems to be a master of this technique. That is quite true. 
What is necessary is that he should know the scope of the technique and in 
what circiunstances he needs to turn to the B])ocialist who knows the job ; 
and furthermore that there should be a specialist to whom ho can turn with 
confidence. As a guide for the first purpose and os on introduction for the 
second this book is indispensable. 

C. D. Dabukoton. 

Bird nocks and the Breeding Cycle : A Contribution to the 
Study of Avian Sociality. By F.Fraskr Dablinq, Ph.D.,F.R.S.E. 
[Pp. X -I- 124, with frontispiece and 1 figure.] (Cambridge : at the 
University Press, 1938. fiff, net.) 

The publication in 1937 of his book A Herd of Red Deer placeil Dr. Fraser 
Darling in the front rank of writers on animal behaviour whose work is based 
on field observation. That intimate study of mammalian society he has 
now followed up witli a short treatise on fiook behaviour as it affects the 
breeding cycle of certain spcscies of British birds. Many writers have tmduly 
spun out such an essay ; but Dr. Darling writes with admirable simplicity 
and terseness. His main thesis is that ** the social group and its magnitude 
in birds, gregarious at the breeding-season, ore themselves exteroceptive 
factors in the development and synchronisation of reproductive condition 
in the members of individual pairs and throughout the fiock.** This theory, 
based on some of MarshalPs recent conclusions supplemented by his own 
patient field-studios, he works out with convincing lucidity. 

Dr. Darling's researches (mainly devoted to two species of gulls) were 
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made dviring visits of some months’ duration in two successive years to the 
small uninhabited Priest Island, one of the Summer Isles of the North-West 
Highlands, lying six or eight miles off the mainland. Here his intensive 
study in 1936 of four separate Herring Gull colonies, ranging from 4 to 90 
birds, and two Josser Blackbacked Gullxolonies with 18 and 80 birds each, 
and, again, in 1937, of two colonies of the former species with 6 and 150 
birds each, and two of the latter with 30 and 120 birds each, clearly show 
that the larger colonial groups were more successful in their breetiing results 
than the small ones. He concludes that any given colonial species “ by 
an extended nesting range, though with a no less close sociality, is more 
successful than another ; and that when colonies are very small, they may 
be wholly unsuccessfuL” 

Throughout his essay the author rightly insists on the enormous potency 
of environment, a factor which some modern works on animal behaviour 
have tended imduly t<? neglect. This most stimulating book should be read 
and enjoyed by the field ornithologist and the student of animal behaviour 

Bertram Lloyd. 

Proceedings of the Fourth International Locust Conference, Cairo, 
April 22, 1936. [Pp. ix 4- 96 + 390.] (Cairo : Govermnent Press, 
1937.) 

It is, on a first reading, difficult to summarise the contents of this largo 
volume, for besides a report of the formal activities of the conference, there 
are fifty-one separate papers dealing with every aspect of current locust 
investigations. Much of the material, however, is of value only as propaganda 
and tends pfjrhaps to obscure the real need for furthei* action. 

It cannot, indeed, be said that the locust problem is solved—tlio need for 
additional observations on the ecological and physiological conditions deter¬ 
mining phase-transformation is pointed out in several places (notably in 
Appendix 7 by Dr. B. P. Uvarov)—^but for practical purposes so much is 
known of the genesis of Locust outbreaks that lack of scientific knowledge is 
probably not now the main factor limiting their control. The problem, like 
many others that require international co-operation, is difficult because it 
involves immediate expenditure of money (not in reality of large sums in 
relation to the prospective gains), and also, what is even more troublesome, 
the financing by one or a few coimtries of measures which may benefit many. 
The difficulty arises in this form because locusts have certain permanent 
brocHling sites from which they invade the whole surroimding country at 
irregular intervals. After an invasion, breeding may persist for a time 
outside the permanent sites and control measures hitherto have been purely 
palliative, being aimed at destroying the invaciing swarms. Such destruction 
is not only rather ineffective but also does nothing to prevent the indefinite 
continuation of the trouble, llie only rational measures for control consist 
in patrolling tlie limited areas of permanent breeding and attempting to 
prevent outbreaks from starting. It is probable that this could already be 
done in many places and, with better eoologioal data and a more complete 
mapping of the breeding areas, locusts might cease to be major pests. Mean¬ 
while, the breeding areas are mostly in rather inaccessible places where a 
scientific staff would not normally bo maintained ; it might well be regarded 
as reasoziable that all countries likely to benefit from the stopping of Invasions 
should contribute to the cost of patrolling the places where they start. An 
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attempt to concert Btepe in thie direction formed an important part of the 
aotivitiee of the conference. Ir« the published proceedings themselves, 
matter of general interest is considerably diluted by reports of the routine 
aotivities of government departments. The volume, in fact, might be 
described as a hiunan as well as a scientific document. 

O. W. R. 

Lac Cultivation in India. By P. M. Glover, B.So. [Pp. viii 147, 
with 25 plates, including 2 coloured.] (Namkum, Ranchi, Bihar, 
India : The Indian Lac Research Institute, 1937, Rs. 2/~.) 

This volume is described as a “ Second and Revised edition of the author’s 
Practical Manual of Lac Cultivation which was published in 1931. It is, in 
fact, practically a new work containing 147 pages, whereas the previous 
work contain6<l only 81. This increase is due in jmrt to a more detailed 
e:tamination of the financial and economical aspects of the subject, but the 
experience accumulated at the Lao Institute during the last six years has 
been fully utilised, with the result that the present book is a much more 
critical study of the subject than the earlier one, which was primarily con- 
oemod with matters of immediat<^ practical importance to the cultivator. 

The chief lao-producing area in India is Chota Niigpur in Bihar, which is 
responsible for more than half the total of Indian lac production and naturally 
conditions obtaining in this area occupy a proportionally prominent place in 
this book, but special chapters (XV, XVI, XVII, and XVIII) are devoted 
to other areas, so tliat a very accurate picture of the whole industry is given. 

With regard to the practical aspects of lac cultivation the book has been 
considerably amplified, and the reasons for introducing new methods lucidly 
explained. The distribution of the illustrations through the work instead 
of grouping them at the beginning is an improvement, and the figures in the 
text illustrating practical methods advocated by the Research Institute 
are particularly good. 

An interesting feature of the book is the uso made of “ odds and ends ** 
of information as to local methods and experience accumulated in the oourse 
of the work at the Lao Research Institute. The whole treatment of the 
subject is such that the reader is conscious of a close and symimthetio under* 
standing between the cultivator and the Research Institute which is much 
to the credit of both parties and argues well for the future of the industry. 

Voelcker, on his second visit to India, expressed astonishment at the 
way in which the Indian agriculturist, usually considered a slave to tradition 
and stereotyped methods, had availed himself of the results of scientific 
investigation. There are signs that the lac cultivator is equally open to 
advice provided it is given tactfully and in the right form. There are, of 
course, special dt£5oulties in the case of the lac industry, one of the chief 
being that the actual production of stick lac (the raw material of the industry) 
is for the most port subsidiary to normal agricultural activities with the result 
that intelligent and systematic cultivation is difficult to establish. 

This book in oonjunotton with the equally important work being carried 
out in Europe and America on the use of lao should do much to place the lac 
industry on a firm basis by showing the cultivator how best to produce a 
raw material of consistently high quality, which will be amenable to the more 
soientifio methods of utilisation now being developed. 


T. H. B. 
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t}mixy Baotmiology. By Bbbnabd W. Hammobr, Ph.D. Second edition. 

[Pp. xiv 4- 482, with 46 figures.] (New York : John Wiley Sc Sons, 

Inc.; London : Chapman Sc Hall, Ltd., 1038. 25a. net.) 

Pkof. Hammrr has made a careful solution of the more recent advances in 
dairy bacteriology and has incorporated them successfully in the second 
edition of his book. This has been no easy task in view of the large volume 
of research which is being conducte<i in the subject. He has been wise in 
adhering to his original plan of omitting controversial points and detailed 
descriptions of organisms. The chapter on the bacteriology of butter cultures 
has been revised and brought more into line with modem concepts. The 
production of diacetyl and its relation to the flavour of butter has been clearly 
explained. In the chapter on the bacteriology of cheese many interesting 
and important points regarding the function of Penicillium roque/orti have 
been included. In some sections of the book, however, too many examples 
are given to illustrate a point, for example, two whole pages are devoted to the 
effect of clarification on the bacterial content of milk, most of which consists 
of citations. This might have Ijeon condensed with advantage to the reader. 
In the chapter on the spread of disease through milk many examples are 
cited in detail of outbreaks of disease. Valuable as these details are they 
might have been limited without the example losing its significance. 

Prof. Hammer’s book is a valuable contribution to dairy bacteriology and 
can be recommended with confidence to students and others as a standard 
work. 

C. H. Chalmibrs. 


PHILOSOPHY 

Free Will or Determiniem. By M. Davidson, D.8c., F.R.A.S. With 
Foreword by Sir Kxchard Ghrgory, Bart., F.R.8. [Fp. xvi -f 203.] 
(London : C. A. Watts Sc Co., Ltd., 1937. I0». 6d. net.) 

Thb title of this book, which is written by a clergyman of the Anglican 
Church who is also a distinguished amateur astronomer, is hardly a fair 
index of its contents. ** Readers as the author truly says (p. 80), will 
expect something to be said on the question of the freedom of the will, 
irrespective of any views regarding indeterminacy or otherwise in the physical 
world. I do not propose dealing with this problem except in a very brief 
fashion.’' It may be added that the disoussion even of the physical and 
biological world is conducted more in relation to the question of teleological 
or predetorministio explanations than to that of human free will. The 
plan of the book is briefly as follows. The philosophical aspects of modem 
physios are briefly described in the form familiar to many readers through 
the works of Sir Arthur Eddington, and criticisms of Eddington's position 
by Cohen, Levy, Dingle and Joad are successively summarised and discussed. 
Some aspects of biology are then presented, with special reference to the 
meohanist-vitalist controversy, and the book concludes with a consideration 
of the existence or otherwise of absolute standards of goodness, beauty and 
truth, and some comments on religious experience and mysticism. 

The treatment throughout gives evidence of wide reading, openness of 
mind, and freedom from a priori dogma (or conviction, as the case,may be) 
wliioh is certainly unusual in the writings of Anglican clergymen and will 
be regarded as laudable or reprehensible according to one's theological 
standpoint. The author has been very chary of expressing his own opinions. 
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preferring for the most part to pr38ent the views of others and to invite the 
reader to draw his own conclusions. His views may be summed up in the 
statements that the recent progress of physics has contributed nothing to 
the problem of free will (pp. 13, 187), tliat “ some day the final word on vital 
phenomena may be spoken by the physicist ” (p. 141), and that there are 
no absolute standards of goodness and beauty, though he has “ on almost 
intuitive knowledge that truth is an absolute standard ” (pp. 16, 160). With 
regard to the last point, however, he shows no tendency to take up the 
extreme logical positivist position that moral and CDsthetio judgments are 
nonsense, and it may bo assumed that he would regard rt'lative standards 
of goodness and beauty as having meaning, end probably a very important 
meaning. Neither does he mention the conventionalist theory of truth held 
by some modem logicians. The value of the book, however, lies not so 
much in its conclusions as in its poUmtiality as an impetus to thought. The 
numerous citations from scientists, theologians and philosophers, and the 
pointed comments thereon, can scarcely fail to provoke an intelligent reader 
into agreement or dissent, and start a productive train of meditation in his 
mind. The book may be strongly recommended to those whose power of 
original thought is stimulated by the thoughts of others. 

H. D. 


MISCELLANEOUS 

Science for the Citieen. By Lancklot Hooben. [Pp. 1120, with 480 
figures.] (London : George Allen & Unwin, Ltd., 1938. I2s, 6d. net.) 

To-day there is groat danger of science dogesnerating into the naive mysticism 
of a Jeans or an Eddington, or the wish-fulfilment “ science ** of National 
Socialism, which has prompted M. Planck to state “ the importance of a 
Boientifio idea is often due not so much to its truthfulness as to its inner 
value (Weltanschauung ^ world outlook). This attitude has, for political 
ends, actually produced a new racial “ science ** advancing such theories os ; 
“No person of Jewish blood can think German. Therefore, when a Jew 
writes German ho lio8,“ and that Einstein’s Theory of Relativity must be 
denounced because a Jew can only produce non-Aryan and therefore false 
soientiilo theories I 

If man is to enjoy the fruits of science this nonsense must be exploded, 
and Hogben’s book could leave no reader in danger of deception, for it 
shows science as a whole, as one unit in the complete structure of human 
culture, not as a number of isolated cells. It shows science and technology 
developing side by side, as determined by the social structure of society and 
the technical level of production appropriate to that structure, thus teewjhing 
us how we can ensure that science is used to enlarge and not destroy life. 

Even if the reader skips the “ harder “ passages, the clear oxixisition, 
helped by Horrabin’s excellent diagrams, will equip him well to understand 
contemporary thought. All teachers of science who wish to bring reality 
into their instructions should read the book. On particular points I can only 
criticise in my own field ; and here I think it a pity to have used the word 
poundal in mechanics, eunid that the author has not given sufficient credit 
to the early engineers of Sumer, Egypt, India, Crete, who laid the foundations 
upon which the Greeks could build. 


John Cask. 
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Science and Meclianieaticn in Z4md WaHare. By Donald Pobt- 
WAY. tPp. X 4- 158, with 8 figures.] (Cambridge ; W. Heffer & 
Sons, Ltd., 1938. net.) 

This book is a ooUeotion of essays written to show the iofluenoo of modem 
Boientifio development on the conduct of war. It is intended, primarily, 
as a text-book for those students who are preparing for the “ Military Speoiai 
Examination of Cambridge University, but it will also be of value, not only 
to those who are taking courses of military study at the Universities, but 
also to the officers and cadets of the senior and junior divisions of the O.T.C., 
as well as to the officer-producing groups of Territorial Regiments. 

The author, a Territorial and O.T.C. officer of long experience both during 
the war and subsequently, is fully alive to the danger of a military training 
dependent solely on tlio past, the sort of training which relies implicitly on 
the creeds and canons of the past war and which offers blind obedience to 
the training manuals of the day without tliought or imagination. 

The essays deal with such subjects as the use of railways in war, mecliani- 
sation, chemical warfare, meteorology and aircraft problems. There is also 
an interesting and detailed account, such as woiild be oxpccte<l from the 
University Lecturer in Engineering, of the varied duties of the Corps of 
Royal Engineers, os well as an introduction into modem artillery methods 
including survey sound ranging and flash spotting. 

The book is always interesting and encourages the reader to a further 
study of the subjects presented by a useful bibliography at the end of each 
chapter. Hio first essay on Fundamental Scientific Principles is perhaps 
the least successful in the book, but it is doubtful if so vast a subject could 
ever bo dealt with satisfawjtorily in the limited space available. The final 
chapter on “ Some problems of Personnel should be particularly interesting 
to O.T.C. officers, and Lieut.-Col. Portway’s criticisms and siiggostions are 
always worthy of careful reading and consideration. Altogether the book 
is one which can be recommended to anyone who is interested in the military 
problems of to-day ; it should find a plcuse in every military library. 

P. C. B, 


Science and Psychical Phenomena. By G. N. M. Tyrrell. [Pp. 
xvi -f 379.] (London ; Methuen & Co., Ltd., 1938. 12tf. 8d. net.) 

For anyone who desires an up-to-date accoimt of the work that has been 
carried out upon the scientific investigation of the “ borderland *’ phenomena 
of the human mind, Mr. Tyrrell’s Science and Payckical Phenomena will be 
of very great interest. There is no doubt tliat much tliat orthodox psychol¬ 
ogy has not studied is worth close observation as well as expcrimontally 
planned research. Mr. Tyirelfs work presents his readers with the results of 
both. He lias drawn upon the Proceedings of the 6’ooiefy for Psychical 
Research, as well as upon laboratory experiments such os those of Professor 
Rhine of Duke University and his colleagues in card guessing (using 
Zener cards) for his data. The experiments in question have been repeated 
in this country by Dr. Thouless without success ; and, indeed, Rhine himself 
found that the power of “ extra-sensory perception ” fluctuated from time 
to time in his own subjects, and usually ended by disappearing. Such 
fluctuation leads one to question the conclusions that are based upon the 
statistics of samples extracted from large numbers of trials. More interesting 
than these are Mr. Tyrrell’s own experiments with the devtoe he calls the 
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pointer apparatus He used a set of five boxes, open on the side facing 
himself, closed on the other. They were placed in a row, with a screen 
separating him from his subject, so that he could indicate any one of the 
boxes at random by means of a pointer, in the absence of any ordinary per¬ 
ception of what ho was doing on the part of the subject. The latter had to 
find the correct box into which the pointer had been inserted. According 
to his results the successes, with one subject at least, were statistically 
significant. As several disturbing factors, such as that of telepathy, might 
have obscurcKi any evidence for true “extra-sensory perception’*, the tech¬ 
nique of the experiment was altered so that this should be eliminated. In 
the end, on electrical apparatus was devised by the ust^ of which the experi¬ 
menter did not himself know which box of the five would be indicated when 
he pressed one of the keys. This sot a circuit for a light that would glow only 
after the subject hod opened the lid of her chosen box. Even then, according 
to the author, the results showed a high and statistically significant success. 
Mr. Tyrrell’s method of experimentation was very ingenious and is to be 
commended os a thoroughly scientific procedure ; but proof that one, or 
even a few, “ sensitives ’* yield results that are not generally itjcognised is 
hardly more than an indication that any such mental power as “ extra¬ 
sensory perception ’’ may bo universally possosscxl. It is well known that 
individual difierences in mental capacity obtain, and their measiuoment is 
one of the chief pn^occupations of present-day |>sychologist8 ; but, so far 
as science is concerned, H{K>radic, occasional and unpredictable events must 
be referrtHl to alrtMuly known causes, or await a further scientific probuig in 
which every possible infiuence must bo taken into accoimt. This seems 
really to be the position of present-day psychical research. Wliere fraudu- 
lenoe has boon positively eliminated, such explanatory concepts as those of 
thought transference or telepathy, oommunioations from discamate human 
spirits, diabolical intervention, and the like, may be introduced to accoimt 
for the phenomena observed. These may be reasonable hypotheses ; but 
in fact many other possible and loss “ occult ” infiuencos to account for the 
significance of the statistics must be considered and eliminated in order to 
be certain that any one of such hypotheses is acceptable. The correct 
interpretation of statistical results of any kind is as vitally important as the 
obtaining of them. p ^ 

South Latitude. By F. D. Ohmakkxy. [Pp. xii -f 308, with 16 plates.] 

(London, New York, Toronto: Longmans, Green A Co., 1938. 

9s. 6d. net.) 

During the last ten years tlie Royal Research Sliip Di 9 covtry II has made 
five voyages to the Southern Ocean to investigate the life history of the 
whale, and associated matters. This book is a description by one of her 
zoologists of some of his experiences during that work. It is not a scientific 
report; but a very vivid account of the life of some of the workers. The 
difficulties and discomforts of life and work in a humid atmosphere at tern* 
peratures constantly oscillating about the freezing point are well described. 
Those who have experienced them know that these are worse than the cold 
of Polar Regions or the heat of tropical deserts. But the author’s view that 
the general public is impressed only by startlingly low (or high) temperatures 
is probably correct. 

We can follow the work on the slippery ** plan ” on a raw morning of 
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the Antarctic summer while the huge oaroaeees pass through the laotory 
which extracts the oil and other useful material, and the swarming birds 
screech and flap round as tlie waste is thrown or washed back to the sea. 
There are equally live accounts of the way of a ship at sea, beating against 
the gales of the Horn, taking a station ** where all the skill of the navigators 
is strained to keep her steady while'the nets and instruments go out and 
are wound back on the miles of wire. This is a real travel-adventure book, 
a saga of the polar seas. C B F 

The American Indian. By Clark Wissler. Third edition. [Pp. 
xviii 4’ 466, with frontispiece and 82 figures, including 8 plates and 
1 folding plate.] (New York and London : Oxford University Press, 
1938. 18s. not.) 

The first edition of The American Indian appeared twenty years ago. It 
covered the whole field of American antliropology, as far as was possible in 
one voliime. It was both extremely learned and also easy reading, and it 
has in course of years become an authoritative text-book. A great deal of 
work has been done since then, and nowhere more than in the field of archaeo¬ 
logy. In the present edition this side has been thoroughly revised and 
rewritten and forms an admirable and indeed entertaining summary of the 
present position. We cannot but envy for example the opportunities that 
some of our colleagues across the Atlantic have for doing research. “ On 
the Campus of the University of Alaska is a site which yields the types of 
chipped implements characteristic of certain sites in the Gobi, Asia.” (The 
discovery was reported in American Antiquity in 1937, which indicates that 
revision has really been carried into line with modem research.) The chapters 
on racial cliaracters are so suggestive and full of idecus that it is a pity that 
Dr. Wissler, though it is ckdmittedly outside his regular line, has not thought 
fit to remove such obvious anomalies as, for example, the statement on page 
362 that the Australian aborigines have frizzy or woolly hair and s'liould 
be classed with Negroes because of this. Boas* statements about bodily 
change in immigrants are apparently accepted with loss reserve than is 
general. It is natural for the specialist to criticize his own line of country, 
and no doubt workers in fields which are beyond the author*B speciality would 
have criticisms to make. Despite this, however, we have here a book which 
has stood the test of time and will be of interest not only to students but to 
all who find from their boyhood*8 days the remains of an enthusiasm for the 
” Bedskins,** which this book will surely kindle into a very real interest. 

L. H. D. B. 

Seaacm of Birth. By Ellsworth Hxthtznoton. [Pp. viii -f 473, with 
104 figines.] (New York: John Wiley A Bona, Ino.; London: 
Chapman & Hall, Ltd., 1938. 17a. 6d. net.) 

This most interesting book is a statistical study and analysis of a vast amount 
of data regarding the influence of season on the numl^r of births and its 
relation to the death rate, and longevity, and also to the vigour or eminence 
attained by persons bom at that season. 

There is evidence that reproduction is especially stimulated at certain 
seasons. Like all animals, man has a definite seasonal rhythm of reproduc¬ 
tion—an inheritanoe from ancient time when relatively few children survived 
unless bom at the best season. 
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There are two olimatio optima or Bets of most favourable conditions. A 
physical optimum—an average temperature of 60® F. to 06® for day and 
night together^ and a mental optimum estimated at 39® to 64®. In both, 
humidity, variability of temperature, and simlight play a part, but tempera- 
ture is the dominant factor. But there are cultural and climatic factors 
which influence these seasonal changes—weather, the favourite season for 
marriages, in some countries religious fasts and festivals, espwially also the 
demands of certain occupations—the greatest effects being seasonal migration 
whereby men tend to be away from home during part of the year. 

A primitive child born in March has advantages over a child bom at 
other seasons, its mother’s ability to feed it will steadily increase for seven 
months in harmony with the growing needs of the cliild ; by the time the 
March child began to need much milk its mother was beginning to be well fed. 

Like advantages make it best for lambs to be bom in April, and robins 
to be hatched in May. During the eight months after their calves are bom, 
the cows whose calves arrive in February give more milk than do those whose 
calves are bom at any other season. The February calf, like the February 
child, is unusually well fed. Further, the child bom in February or March 
has greater chance of surviving through the hot weather and so avoiding the 
epidemics of that season. Advances in liygiene and medical science have 
altered the season so that the warm climate of August is healthy and the 
children survive. 

The text is accompanied by numbers of curves which the author regards 
as more appealing than tables of figures. This may bo, but the reader will 
find the interpretation of many of these curves is no easy task. 

The application of the facts described to practical economics is obviously 
possible. Parents will adjust the dates of conception and births of their 
children to fit the most favourable months, and so provide their family with 
the advantages associated with the best seasons. p j 

Til# Origin of Life. By A. I. Opabin. Translated by SERonrs Mor- 
ouus. [Pp. xii + 270, with 8 figures.] (New York and London : 
Macmillan A Co., Ltd., 1938. 89 . Od. net.) 

How life originated has been the universal enquiry since the remotest time. 
The first possessors of life were, however, unable to recognise it, and it was 
only when biology hod travelled over incalculable eras, to the complication 
of life with the power of conception—^rightly or wrongly associated by us as 
synchronous with the appearance of man—that life was first realised as an 
entity, and the simplest and easiest explanation of it, as of all unknown 
things and phenomena, was divine—“ Gk>d created.” Even to-day this 
explanation survives and spontaneous generation was a principle accepted 
by scientific thought almost into the early years of the present century. 

The chief difficulty has always boon the inability to conceive ” gradual¬ 
ness.” Life did not, and does not, wrive suddenly; it is a slow evolving 
” process,” and as far as man can see life is always derived from life—the 
intermediate stages of the evolution from non-living inorganic forms have 
disappeared or become masked. 

In this most interesting book Prof. Oparin has attempted to trace the 
origin of life to material furnished by the gaseous mass which had once 
separated from the 8un owing to a cosmic catastrophe, whereby carbon and 
other elements of the Solar atmosphere passed into this gaseous mass which 
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ultimately waa destined to form our Earth. Carbon has exceptional ability 
to form atomic associations and is found in all living things. In the prooees 
of formation of our planet from the incandescent mass of gas, clouds of carbon 
quickly condensed and entered the primitive nucleus of the Earth, coming 
in contact with the elements of heavy metals—^primarily with iron, an 
essential component of the central core. As the Earth cooled the carbon 
reacted with the heavy metals, producing “ Carbides.’* 

The Earth’s atmosphere at that period contained neither oxygen nor 
nitrogen but was filled with superheated aqueous vapour. The thin layer 
of igneous rocks, unable to resist the tides of the inner molten mass caused 
by the forces of the Sun and Moon, would rupture, and through the crevices 
the molten liquid fit)m the interior spread over the Earth’s surface. The 
superheated aqueous vapour of the atmosphere in contact with the carbides 
gave rise to the simplest organic matter, the hydrocarbons, which again 
originated a great variety of derivatives—through oxidation by the oxygen 
component of Water. 

The advent at this period of ammonia gave rise to amides, amines and 
other nitrogenous derivatives. So that when our planet cooled sufficiently 
to allow condensation of aqueous vapour and the formation of the first 
envelope of hot water round the Earth, this water contained in solution 
organic substances, the molectiles of which were made up of carbon, hydrogen, 
oxygen, and nitrogen ; substances endowed with great chemical potentialities 
—by the complex reactions of which the proteins must have originated. 
These substances at ffirst occurred in seas and oceans as colloidal solutions, 
and as these solutions of various substances were mixed, new formations 
** Coazervates ” or semi-liquid gels resulted. In these gels the colloidal 
particles assume a definite position towards each other—the beginning of 
some elementary structure which confers on each coazervate a degree of 
individuality, determining its ability to absorb and to incorporate into itself 
organic substances dissolved in the surrounding water—thus constituting 
a power to grow and resulting in the increased complexity of the molectiles 
and the development of new properties. 

But there is still a long way to travel before we arrive at Life. Yet 
the author holds that though the road is hard and long and the synthesis 
of living things very remote, it is not an unattainable goal along this 
road.” ^ • 


Daa Aufbauprizudp dar Taobnik* Von Ingshisttb Db. tbork. P. 

Wbssbl. [Pp. 39, with 14 figures.] (Mimich: Ernst Reinhardt, 

1937.) 

SxjrppasB that some article is to be manufactured. The author of this short 
book investigates the principles involved in the chain of processes, beginning 
with the raw material and ending with the finished article. Seven subsidiary 
principles are recognised as forming collectively one grand principle of tech* 
nical production. These are called, respectively, the principles of organi* 
sation, selection, dimensioning, invention, grading in ” form hardness,” 
” self and mutual ” refinement, and reaction. The discussion of each sub* 
sidiary principle is illustrated by various practical examples. Such a novel 
treatment is calculated to excite considerable interest in engineers, applied 
mathematicians and physicists. v n 
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Patents, Designs and Trade Marks. By Charles 8. Parsons, B.So. 
[Pp. viii + 184.] (London: Tho Technical Press, Ltd., 1988. 
10 i9. net.) 

The book is one of the useful kind which explains clearly the broad principles 
of the law so far as patents, designs and trade marks are concerned, without 
being too Sf>eciali8ed for the average business man. While a little knowledge 
is sometimes dangerous, it can equally help the layman to avoid dangers by 
telling him when to get professional advice. The author has done more 
tlian present a clear picture of the facts. He discusses the possible methods 
by which a buHiness man may legitimately secure both temjiorary and per¬ 
manent protection of his ideas, and how ho may similarly attempt to expand 
into a field of manufactum which is apparently protected and gives some 
illuminating examples of both tyjK^s. 

The chapter on design is perhaj)S a little disappointing in failing to clear 
up tho position regarding tho protection of decorative design as opposed 
to design of form and shape. There are many industries, of which pottery 
is an example, where precise information on this point would be valuable. 

The author is naturally reluctant to express opinions as to tho extent 
of tlie protection afforded imder our premmt Patent Laws and on their unsatis¬ 
factory nature in some respects, but there is a concise^ and very useful chapter 
on the question of foreign patents which is a veritable mine of information 
to the inexperienced and unwary. 

The book should commend itself t o business men in a wide variety of 
industries as being a most useful volume to keep at hand. 

Harry W. Webb. 

Th 0 Scientific Journal of tho Royal College of Science. Vol. 
VIII. [Pp. 93, with 21 figures.] (London : Edward Arnold & Co., 
1938. 7s. fid.) 

The three scientific societies of the Royiil College of Science publish aimually 
a volume containing a seltxjtion of tho paj>er8 whicli have bt^n read before 
tlieir members during the session. This issue contains those road during 
the session 1937-88. The Tmi)erial College Chemical Society contributes 
four papers. Dr. C. F. Coo<leve outlines some of the fundamental principles 
of photochemistry, and discxiBses tho prominent part which they play in the 
phenomena of vision. Prof. D. M. Newitt describes investigations on the 
equilibrium of the water-gas reaction at high pressures, and shows how the 
pressure coefficient of tho equilibrium constant may \h^ calculated. Mr. 
D. F. Cheesinan provides a sympathetic study of the motives in which many 
alchemists foimd inspiration, whilst Dr. H. D. K. Drew gives an aocoimt 
of the plienomena of chemiluminescence in organic reactions. The section 
occupied by the Royal College of Science Natural History Society contains 
a geochemical paper by Prof. A. Brammall euid Mr. J. G. C. Leech dealing 
with base-exchange and its problems, an account by Dr. H. C. Brown of 
research on the electric charge of micro-organisms, and an explanation by 
Mr, J. Marshall of the methods of dendrochronology, or the correlation of 
the ring-growth sequence of trees or timber with the passage of time. The 
three papers contributed by the Royal College of Science Mathematical and 
Physical Society are an account by Dr. W. Cochrane of the study of surface 
form by the use of electron diffi^aotion methods, a paper by Mr. R. C. Pank- 
hurst on the application of pliysical principles in organ building, and a lecture 
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on the spark discharge by Dr. T. E. AUibone. These, and the fifteen other 
contributions which are published in title only, afford ample evidence of 
the progressive outlook of the students responsible for organising this 
important phase of academic activity. 

A. A, E. 

A Musical Slide-Rule. By Ll. S. Lloyd, C.B., M.A. [Pp. 26, with 
slide-rule in pocket.] (London : Oxford University Press, 1938. 2s. 

net. Slide-rule issued separately, Is. not.) 

The slide-nile consists of two pieces of card on each of which is inscribed 
a logarithmic scale of musical intervals in just intonation. On the reverse 
the same scale is expressed in vibration numbers. That is to say, on this 
side the scales look like the scales of an ordinary arithmetical slide-rule, 
save that the cards have the intervals in moan tone and equal temperament 
given, one on each card. The slide-rule should be invaluable for showing 
music students—^for whom it is intended—the difference between ideal and 
compromise in musical temperament and the relations between these matters 
and the theory of harmony and counterpoint, 

E. G. R. 

Catalogue of Lewie’s Medical and Scientific Lending Library. 
Part I: Authors cmd Titles. New edition, revised to the end 
of 1937. [Pp. 8 + 660.] (London ; H. K. Lewis & Co., Ltd., 1938. 
16tf, net. To Subscribers 8«.) 

All subscribers to Lewis’s Library will welcome this new catalogue of medical 
and scientific books. Its arrangement is similar to previous issues, giving 
the author’s name, the title of the book, format, price and—^most important— 
the year of publication of the last edition. It is unfortunate that it is 
complete only up to the end of 1937, but this defect can be remedied by 
reference to Lewis’s bi-monthly lists. 

Apart from its obvious value to subscribers to the Library, this catalogue 
will be found useful by librarians, compilers of bibliograpliies, and all who 
have to refer to British and American medical and teclmical books. 

Part II, containing a classified index of books under subjects, will be 
issued in 1939 and thus will complete this liandy reference catalogue. 

T. C. 
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Hailstones, fracture of, 294 
Heath pla?its. root systems, 742 
Meav\v electron, 130, 252, 571 
Helium, Ii<piid, latent heat, 519; prop- 
ertk^s, 517; specific heat, 519; 
thermal conductivity, 520 
solid, crystal struct uro, 522 
Hemrcs, orhit of, 702 
Herxberger, t roatment of optical systems 
by, 279 

Hewitt (J. T.), Chemistry of Wine, 625 
Hexoses, hydiHilyais of, 627, 629 
Hickman, solf-fi'actioaaling pumps, 84 
Homo fieideUieryensMt 20 
n€anct>ertaknsi«, 20 
rhodesierms, 20 

Hooke’s anchor escapement, 511 
Hormone control of lactation, 477 
Hormones and plumage, 751 
plant, 744 

Humidity and health, 234 
Hunter (A.), Recent Advances in Astron¬ 
omy, 76, 282, 509, 700 
Hydrates (salt), dehydration of, 98 
Hydrocarl^ns, an^matic, alkylation of, 
623 ; crystal structure, 608 
Hydrogen Bond and other Links be¬ 
tween Molecules, J. M. Robertson, 
663 

atomic properties of, 691 
bridge, 664 

dissociation at hot filaments, 691 

Ice, crystal structure, 671 
India, geology of, 728 
IndoJylaoetic acid and plant growth, 
747 


Insects, cold-hardness, 550 ; nocturnal 
activity, 118 ; oxygon diffusion in, 
119; parasit^oH, iocation of host. 
121 ; suitability of host, 554 ; speed 
of flight, 117 

Invertebrate Palteoniology, Recent Ad¬ 
vances in. H. Dighton Thomas, 310, 
734 

Ionic jK'rmeahility and a()cumiilation of 
plants, 114 

Tonisatic>n gauge for low pressures, 85 
Ireland, arclueological finds, 127 
hiiiimn immigratiom 129 
Isobars, 646 
Istmierism nuclear, 653 
Isotopiw, artificial identification of, 650 
stable, 646 

Java, early man in, 754 
Jets, edge tones formed by, 41, 44 
form and behaviour, 30 
Musically Inclined, G. Bumiaton 
Brown, 29 ; sensitive region in, 43 
stroboscopic investigation, 41 
Jones (H. Spencer), Sunspots and their 
Terrestrial KfTocts, 1 
Jupiter X and XT. 704 

Katabatic winds, 712 ; calm zone, 715; 
influence of woods on, 715 ; vari¬ 
ation of temperature in, 715 
Kautsky’s phosphors, 538 
Kay (H. D.), Mammary Activity, 476 
Kenya, fossils of. 735 
Kermack (W. O.), Rc^cont Advances in 
Biochemistry, 296, 717 

Labrador, mountains of, 463; raised 
beeches, 474 

Northern, effect of Ice Age, 468 ; 
Landscape and Geological History, 
N. E. Odell, 462 ; rivers of, 467 
Labyrinth, dust sampler, 454 
Laciatioti, and hormone injections, 481 ; 

hormone control, 477 
Lactogenic hormone, 480 
A point, 517 

Lamellibranchs in coal measures, 262 
Lead, diffusion in solid state, 92 
Lecomte, discovery of sensitive flames, 31 
Lenses, abc^rration of, 272 
Lightning, pressure wave, 295 
Lobelias, tree, 545 
Lobsters, growdJi perioils, 64 
Locust activity and temperature, 561 
London skull, compared with others, 321 
Lubricating OlinH, 696 
Luminescence of impure solids, 531 ; of 
solids, 563 

Lysimeter experiments, 318 

Magnesium, organic condensation by, 88 
Magnetic needle, deviations duo to sun¬ 
spots, 3, 6 
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Magnetic storms and aurorae, 7 ; and 
solar prominences, 10; and sun¬ 
spots, 3; cause of, 9, 11; jet 
theory of. X, 11 ; recurrence, 5, 11 
visoosity, 328 

Maiden Castle, archteological finds, 123 
Malay Peninsula, eai ly man in, 5fi6 
Mammary Activity, H. D. Kay, 476 
gland, blood supply, 485 ; supply of 
materials t>o, 484 ; uptake of sugar 
by, 487 

Man, anatomy of, 25 ; and anihrapoids, 
21 ; cranial structure, 325, 326, 
765; early, fossil tyjjos, 19, in 
Arabia, 557, in England, 22, in 
Java, 754, in Malay, 566 ; genetics 
of, 23; gradual evolution, 18; 
quantitative characters, 26 ; races 
in, 324,326, 757 ; Recent, Antiquity 
of, M. H. WooUard. 17 
Martin (L. C.), Theory of Optical Instru¬ 
ments, 270 

Mastoid process in anthropoids, 756 
Mathematics, Kooent Advances in, J. H. 
C. Whitehead, 71, 503 ; Differential 
Geometry, 603; Groups, Theory of, 71 
Maxwell, Displacement of {Esmy Rc- 
view), W. Wilson, 770 
Mechanical Thought (Ensay Review), 
W, R. Thompson, 343 
Medical Press and Circular, centenary, 758 
Melville (H. W.), Recent Advances in 
Physical Chemistry, 91, 627 
Mercury fulminate, rate of reaction, 226 
Mersey, River, sewage in, 137 
Metal surfaces, reactions at, 691, 692, 710 
Meteorology, Recent Advances in, E. V. 

Newnham, 294, 712 
Micelles, ionic, 697 
Micronutrients of soils, 110, 648 
Milk fat content and hormones, 482, 484 
origin of, 489 

phosphorus compounds in, 490 
secretion, initiation of, 479 
yield, 416 et seq. 

Molecular analysis of complex, 660 
association, 664 ; physical methods of 
investigation, 666 

Molecules and Suifaces, N. K. Adam, 690 
hvdrogen bond between, 603 
Moliusos, fossil, 741 ; opisthobranchiate, 
749 

Monocotyledonous dicotyledons, 118 
Monolayers, reactivity of, 692 
Monomolecular films, 694 
Moxiotremes, teeth and hairs of, 761 
Moon (P. B.), Atomic Nuclei, Stable and 
Unstable, 645 

Muoorales in Scotch soils, 549 
Must, constituents of, 632 
Mutations, induced, 753 

Naphthalene, alkylation of, 525 ; ciystal 
structure, 669 


Neutrino, 243 

Neutrons, discovery of, 243 ; effect of 
bombardment by, 649 ; “ exact 
mass, 246; in atomic nuclei, 247, 
648; magnetic moment of, 266; 
ncuclear transformations produc3ed 
by, 262; Production and Prop¬ 
erties, N. Feather, 240; scattering 
by protons, 249 

Newnham (K. V.), Itoccnt Advances in 
Meteorology, 294, 712 
Nickel plating on tinplate, 67 
Night Sky, Light of, J. Cabanu(>», 488 ; 
Chapman theory, 445 ; colour index, 
437 ; luininoHccnt layers, 444 ; 
polarised light from, 438 ; variations 
of, 443 

Nitrogen, forbidden lines of, 442 
tri-iodide, decomposition of, 96 
Noise, insulation against, 298 
Nuclei, aUirnic, 645; composition of, 
646; radioactive production of, 
649 ; unstable, 649 

crystal, creation and growth, 213 ; 
increase with time, 217 ; shape of, 
214 ; rate of growth, 217 ; struc¬ 
ture, 218 

Nympsfiold, soldier’s grave, 126 

Oak so(*fllings, mortality of, 112 
Odell (N. E.), Landscape of Northern 
Labrador and Geological History, 
462 

CBstrone and lactation, 483 
Oils for vacuum pumps, 83 
Gland, flora of, 318 

Optical Instruments, Tlieory of, L, 0. 
Martin, 270 

system, characteristic function of, 275 
Orchard heaters, effect of, 714 
Organ pipes, initiation of tones in, 87 
et seq .; xuiderblown, 47, 48 
Oxidation-reduction potentials of soils, 
111 

Oxygen, forbidden lines in night sky 
spectra, 439 

Paintings, Chemical Physics of, F. I. G» 
Rawlings, 493; preservation of, 
490 ; stratified nature of, 494 
Pan pipes, 36 

Parthenocarpy, inducetl, 748 
Partington (J. R.), The Discovery of 
Radium (Essay Review), 141 
Peat, pollen analysis of, 128 
Pectin in wine, 633 

Pedology, Recent Advances in, N. M. 

Comber, 106 
Pelecypoda, 740 
Pentameracea, 738, 739 
Permeability of plants, 114; effect of 
CO|, 116; eneot of ions, 117 j efleot 
of light, 116 

Phosphates, hydrolysed by yeasts, 627 
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Phoephorft, /503 ; Kautsky’s, rt38 ; lumin* 
esoonce of, 531 ; pota8siuinchlori<le, 
532 ; zinc Bulphido, 535 
PhotosynthoHis of inaritimo flora, 743 
PhyBical Anthropology, Rocont Ad¬ 
vances in, L. H. D. Buxton, 321, 754 
Chemistry, Becc^nt AdvaucoH in, H. W. 
Melville, «l. 527 

Physics, Hecent Advances in, F. A. Vick, 
83, 288. 517, 70« 

Pictures, infra-red examination, 500; 
physical examination, 4118 ; X-ray 
oxamitiatinri, 501 
Piltd«)wn Man, 22 
Pina sockI, germination rate, 540 
Pithecanihroim^, 111, 754 
Pituitary glaial and mammai'y ardivity, 
478 

Plag\ie inve8tigati<in in S. Africa, 331 
Planets, inner minor, 7(K1 
Plant diseases, effect of climate, 657 ; 
rt^sistance to, 657 
hormones, 744 
micro-nut rients, 231 
p^wfs, control of, 668 ; cultural con¬ 
trol, 659, 660 ; enemies of, 658 
Physiology, Itecent Advances in, W. 
StUes, 114, 744 

roota, salt accumulation in, 114 
Plania, and ainanity value, 237 ; aa 
cxjnBOi'voi’H of water aupplias, 236 ; 
effect of wind on growth, 319; 
cjffeot on atmospheric content, 232, 
in house, 233 ; effect on humidity, 
234, on temperature, 235 ; in lie- 
lation to Human Environment, 
E, J. Salisbury, 230 ; ijermeability 
of, 114 ; BOX in, 320 
Plumage and hormones, 751 
Pneumococcal infootions, effect of chemo¬ 
therapy on, 297 
Pneumonia vaccine, 330 
Polders, chemical deterioration, 110 
Polyrneriaatioti of hydroxylic com- 
pounda, 664 

Poptdtu), viability of aeeda, 112 
Potato eicknoas, 661 
Potatoes, virus diaeaaea, 057 
Poultry, dominance in, 753 
Preftsure, low, meaauremeut, 86 
Progesterone and mammary activity, 478 
Proifustin, 480 
Prontoail, 296 

Proteins, in films, 607; molecular 
weight, 721; atruoture of, 717 
Pupil, luiminouB efiOioiency, 677 

Quartz clocks, 614 

Ra6e in modem man, 324, 326 
Radioactive ohan^, mechanism of, 651 
measurement of solid solution, 92 
Radio fading, effect of sun on, 12, 82 
Radium, Ducovery of (£ 000 ^ Mwim), 
J. R. Partington, 141 


Radium, protection from, 766 
Ralegh, Sir Walter, discovery of Asphalt 
Lake, 56 

Rawlings (F. I. 0.)» Chemical Physics 
of PaintingB, 493 
Rayleigh, Lord, on jets, 33 
Refrigeration of fniit, 417 {see also Fruit 
storage) 

Resonance, intcrmolecular, 665, 674 
Resorcinol, crystal structure, 670, 672 
Respiration of fruit, 419, 421, 425 
Retina, and monochromatic light, 680; 
Directional Sonnitivity of, W. 8. 
StilcK, 676; spectral sensitivity, 
682, 684 ; threshold sensitivity, 683 
Reverberation, 289 
Rhenium, recent work on, 132 
Riefler clock, 511 
Ripening, artificial, 423 
Riverford culture, 129 
Rotuiside planting, 239 
Robertson (J. M.), Hydrogen Bond and 
Other Links between Molecules, 663 
Root systomH, of desert plants, 74; of 
heath plants, 74 

Salisbury (E. J.), Plants in R^datiou to 
Human Environment, 230 ; Recent 
Advances in Botany, 110, 318, 742 
Salmontd(e, natural reproduction in, 131 
Salt absoiption by tulx^rs, 114 
accumulation by roots, 114 
Scientific and Industrial Research Report 
on, 341 

von Seidel, 272 
Selenium in plants, 231 
Sewage flies, seasonal incidence, 122 
Shortt clock, 512 
Siliceous dusts, see under Dusts 
Silica dusts, solubility of, 460 
Silicosis, 447 ; in S. African mines, 332 
Silver, radioactive isof>ope, 650, 653 
Simondston Caim, 125 
Sinanthropus, 755 
pekinensis, 19 
Skulls, Egyptian, 757 
Sky, light from the night, 435 et ssg. 
Smekal cracks, 211 
Smoke jets, 30, 84 
Sodium in upper atmosphere. 441 
vapour disemarge lamps, 130 
Soil, genetics and classifloation, 107; 
influence on wine, 642; micro¬ 
organisms, 108 ; nitrification, 109 ; 
reaction and water content, 547; 
surveys, 106 ; testing, 107 
Soils, chlorosis of, 109; desert, 108; 
evaporation losses from, 318; oxi¬ 
dation-reduction potentials, 111, 
742 ; saline, chemical deterioration, 
110 

Solar bright eruptions, 11, 81 
constant, variation of, 81 
disturbances, terrestrial effect, 1, 80 
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Solar eruptions and radio fading, 12, 
82 

Solid reactions, activation energies, 220 ; 
pressure time curves, 223 
State, Reactions in, W. E. Garner, 209 
classification, 209 
Solids, diffusion in, 211 
Sound, abaoj^tion of, 290, 292 
Spectra of night sky. 430 

forbidden hnews in, 439, 441, 444 
sodium lines in, 441 

Spielmann (P. E.)* Who Discovered the 
Trinidad Asphalt Lake, 62 
Spore content of coals, 267 
Stars, spectra, classification of, 70 
Stiles (W.)» Recent Advances in Plant 
Physiology, 114, 744 
Stiles (W. S.). Directional Sensitivity of 
the Retina, 670 
Sugar, fermentation of, 626 
Sulphonamide drugs, action of, 296 
Sun, cycle of activity, 10 ; prominences, 
variations, 9 
Sunspot cycle, 1 
periodicity, 1 

Sunspots, and tree rings, 16 ; ai\d mag¬ 
netic storms, 3, 11; and weather, 
14 ; area of, 2 ; electrical charged 
jets from, 7. 9 ; their Terrestrial 
Effects, H. Spencer Jones, 1. 81 
Surface films, 690. 696; alternating 
molecular, 698 
Swanscombe man, 22 

Tannins in grape must, 633 
Tarsias os man’s ancestor, 24 
Thermometers, certificates for, 767 
Thonias (H. Dighton), Recent Advances 
in Invertebrate Pal»ontology, 310, 
734 

Thompson (W. K.), Mechanical Thought 
[Eamy Review)^ 343 
Thyroid hormone and lactation, 481 
Thyroxine, 482 

Time measurement, astronomical, 282 
Tin alloys, 67 

•antimony alloys, 68 
•base bearing metals, 68 
•cadmium alloys, 68 
corrosion by oil, 69 
enamels, white, 70 
plate, pore formation, 66 
plating, thickness of, 66 
Research, Some Aspects of, C. O. 
Bannister, 66 
Tobacco, haploids of, 320 
Topley-Smith on crystal nuclei, 218 
Transit instrument, measurement of 
time by, 283 ; personal error, 285 
Transmutation, nuclear, 649 
Tree rings and solar cycle, 16 
Trinidad Asphalt Lake, Discovery, P. E. 
Spielmann, 62 ; maps of, 60 ; sise 
of, 60 


Trueman (A* E.). Identification and Cor¬ 
relation of Coal Seams, 267 
Tubers, salt absorption by, 114 
Tungsten filaments, reactions at, 691 
Tyndall, observations on jets, 32 
T^hoid fever in W^itwatersrand, 762 
Tyrrell (G. W.). Recent Advances in 
Geology, 99. 726 

Undation theory, 104 
Urals, statigraphy of, 735 

Vacuum practice, 83 
Pofonio, accumulat ion of ions by, 116 
Vegetable material, rate of de<»ay, 647 
Vegetation, effect on f/emperaiure, 716 
Vick {F. A.), Recent Advances in 
Physics, 83. 288, 517, 706 
Victoria, fossil faunas of, 736 
Viscosity, magnetic, 328 
Vitamin E, formula, 300 
Vitamins and plant growth, 746 
Voloanism and plutonism, 99 

Young, Thomas, observations on jets, 30 
Yukawa, 251 

van dor Waals’ forces, 663, 696 
Water, association of, 664 ; super cool¬ 
ing of, 340 
Waterproofing, 696 

Weeds, and nitrogen content of plants, 
646 

Wheat, diseas€>s of, 660 
Whitehead (J, H. C\), Recent Advances 
in Mathematics, 71. 603 
Whiteleaf baiTow, archBCological finds, 
125 

Wilson (W.), Displacement of Maxwell 
(Ea$ay Review), 770 
Winds, Katabatic, 712 
Wine, anions and kations in, 635 ; l>ottle 
character, 644; breakage, 643; 
changes during maturation, 642; 
Chemistry of, J. T. Hewitt, 626 ; 
colouring matter in, 634; csom- 
l^ition of, 640; enzymes, 636; 
fortified, 640 ; influence of soil on, 
642, of stems on, 636, of temper¬ 
ature, 637 ; manufacture of, 628, 
636; organic acids in, 633 ; pro¬ 
duction of, 628, 636 ; resinous sub¬ 
stances in, 634 ; white, 639 
WooUard (H. H.)> Antiquity of Recent 
Man, 17 

Wrinch, theory of protein structure, 722 

Yeast, enzymes in, 626, 627 ; ferment¬ 
ation of, 626 ; reducing action, 628 

Zodiacal light, 438 

Zoology, Heomt Advance in, W. Gar- 
stang, 749 
Zymase, 626 
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Abraham (H.), A^phaltH and Allied Sub¬ 
stances, 4th ed., 790 
Acanthodrilino Earthworms of South 
Africa, A Monograph of the, G. E. 
Pickford, 182 

Aoroplanew and Aero Engines, 2nd <h 1., 
P, H. Sumner, 161 

Agricultural Analysis, C. H. Wright, 788 
Agricultural Chemistry, Practical, S. J. 
M. Auld and D. R. Edwardes Ker, 
174 

Agricultural Experimentat.ion and Re¬ 
search in the Ihiited Stat4>s, 1607- 
1925, A History of, A. C. True, 388 
Ahlmann (H.). Land of Ice and Fire, 
trans. by K. and H. Lewes, 607 
Albert (A, A.), Modern Higher Algebra, 
576 

Alexander (J.), C'olloid Chemistry, 4th 
ed., 165 

Algebra, Modern Higher, A. A. Albert, 
676 

AUeo (W. C.) {H. Hesse. K. P. Schmidt 
and], Ecological Animal Geography, 
179 

Allen (K. W.) [C, L. A. Schmidt and]. 
Fundamentals of Biochemistry, 691 
Alternating Current Electrical Engineer¬ 
ing, 6th €Ki., P. Kemp, 865 
American Indian, The, 3rd ed., C, Wiss- 
ler, 804 

American Men of Science, Famous, J, Q. 
Crowther. 606 

Analytical Chemistry, Vul. I : Quali¬ 
tative Analysis, 9th od„ F. P. 
Treadwell and W. T. Hall, 372 
Anatomy, Laboratory Stiidios in Com¬ 
parative, W. C. Bonning, 185 
Anderson (C. G.)* An Introduction to 
Bacteriological Chemistry, 393 
Animal Gksography, Ecological, B. Hease, 
trans. by W. C. Allee and K. P. 
Sohmidt, 179 

Animals and Men, D. Katx, 400 
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Ancient Romo, Q, Jennison, 399 
Anorganisehen Chomie, Gmelins Hand- 
buch der, 8th ed., Kalium (Lfg. 4'>5), 
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Selteno Erden (Lfg. I), Ruthenium, 
Rhodium, 783 


Anthropology, An Introduction to Phya. 

icol, 2nd ed., E. P. Stibbe, 601 
Arljor (A.), Hcrbols, 2nd ed., 794 
Arc Welding Electrodes, The German 
Patent Position of, W. H. Simon, 
366 

Arthur (P.) [O. M. Smith and], Semi- 
Micro Qualitative Analysis, 585 
Arthur (W.) (T. M. Matdlobert and]. 
Trigonometry, Pt. 11 : Higher 
Trigonometiy, 150 ; Pt. HI ; Ad¬ 
vanced Trigonometry, Pt. IV ; 
Spherical Trigonometry, 362 
Ashworth (J. R.), Ferromagnetism, 

781 

Asphalts and AlHefi Substances, 4th ed., 
H. Abraham, 790 

Atherton (W, H.), Conveying Machinery, 
364 

Atomic Artillery, J. K. liobertson, 
361 

Atomic Physics, An Outline of, 2nd ed., 
by Members of the Physics Staff of 
the Uiuversity of Pittsburgh, 155 
Atomic Spectra and Atomic Structure, 
G. Herzberg, trans. by J. W. T. 
Spiikks, 156 

Aufbnuprinzip der Technik, Dae, P. 
Wessel, 806 

Auld (8. J. M.) fD. R. Edwanies-Ker 
and], Pra<dical Agricultural Chemis¬ 
try, 174 

Antomatic Protection of A. C. Circuits, 
2nd e<l., G. W. Stubbings, 682 
Aveling (F.), Psychology, 194 
Axiomatic Method in Biology. J. H. 
Woodger, 343 

Bacteriological Chemistry, An Intro¬ 
duction to, C. G. Anderson, 393 
Bacteriology, 3rd ed., F. W. Tamier, 
189 

Bailey (K. C.), The Retardation of 
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and]. The Structure and Develop¬ 
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401 
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377 
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